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PUBLISHER'S PREFACE. 

This work, now offered to the public, on 
the "Principles of MechaniBrn anil Trans- 
mission," is taken from the work of the 
distinguished author on " Mills and Mill- 
work," which is large and expensive, and 
contains many details of Millwork not 
entirely adapted to American practice. The 
great principles here given lie at the very 
foundation of the art of transmitting me- 
chanical power, and must prove of inesti- 
mable value to American mill-owners, me- 
chanics, and operatives. 

In the present volume Mr, rairbaim 
gives the results of his very successful prac- 
tice as a Millwright and Engineer, during 
a period of half a century — a period which 
has contributed more than any previous one 
to the manufacturing industry of the world. 



6 PBEFACX. 

And as there is probably no department of 
practical science so generally useful, or per- 
haps so Uttle studied, as the machinery of 
transmission, the American publisher has 
great pleasure in placing within reach of 
the intelligent class for which it is intended, 
in a compact and comparatively cheap form, 
the author's rich and valuable experience 
on this important subject. 
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PRINCIPLES OF MECHANISE 



CHAPTER I. 



I. GENEKAL VIEWS BELATIVK TO MACHINKS. 
Definilions and Preliminary Expositions. 

1. Medianism may be defined as the combina- 
tion of parts or pieces of a machine whereby 
motion is tranamitted frflm the one to the other. 

2. When a body, or any piece of mechaniam, 
moves in a straight line it is said to have a 
rectiUnear motion, and when it moves in a curved 
line it is said to have a curvilinear motion. When 
a point moves constantly in the same path, it ig 
said to have a continuous motion, but if it moves 
backwards and forwards it is said to have a 
reciprocating motion. We may have reciprocalinj 
rectiliTiear motions as well as reciprocating curvili- 
near motions. 

If a body moves over equal spaces in equal 
intervals of time, it has a uniform motion; but if it 
moves over unequal spaces in equal intervals of 
'.ime, it has a varit^h motion. 

2 (1^) 
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8. The velocity of a body is the rate at which it 
moves. In uniform motion the velocity is con- 
stant ; but in variable motion the velocity con- 
tinually changes. If the velocity of a body 
increase it is said to be accelerated, and if the 
velocity decrease it is said to be retarded. 

The motion of a body is said to be periodica 
when it undergoes the same changes in the same 
intervals of time. 

4. In order to express the velocity of a body, 
we must have a certain number of units of space 
passed over in a certain unit of time. It is 
customary to take a foot as the unit of space, and 
a second as the unit of time. 

In uniform motion, the space passed over i<? 
equal to the product of t\^ velocity by the time 
Thus, let s be the space in feet, t the time in 
seconds, and v the velocity per second ; then 

8 = v t — (1) 

which expresses the general relation of space, time, 
and velocity, in uniform motions. Any two of 
these elements being given the remaining one 
may be found ; thus we have 

v = y...(2),and^ = -...(3). 

5. If the velocity in one certain direction be 
taken as positive, theji, that in the opposite or 
contrary direction will be negative. 
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6. If two wheels pcTform a revolution in tbe 
same time, their angular velocities are equal, what- 

■ ever may be the dimensions of the wheels. The 
angular velocity of a revolving wheel or rod is the 
velocity of a point at a unit distance from the 
centre of motion. The wheel or rod will revolve 
uniformly when the angular velocity is uniform. 
If A be the angular velocity, r the radius of the 
wheel or length of the rod, v the velocity at this 
distance from the centre of motion ; then 

A = " (1), andv = Ay...(2). 

7. The morion of wheels is conveniently ex- 
pressed by the number of rotations which they 
perform in a given time. Thus, let n be the num- 
ber of revolutions performed per rain., the other 
notation being the same as in Art. 6 ; then 

v = ^fnr...(l\ and » = ^^ -(2)- 

Or substituting A for -. See formula (I), Art. 6, 

» = ^-(3),™di = ^«»...(4). 

Hence the number of turns performed in a 
given time varies as the angular velocity. 

The number of turns which two wheels respec- 
tively make in the same time is called their syn- 
chroTtal rotations. Let Q and 9 be the B3^ohronal 
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rotations of two wheels whose angular relocitiea 

are A and a, respectively ; then - ^ - ; that is, 

syochronal rotations are in the ratio of the angular 
Telooities, 

^campJe. — Let a wheel whose radius is 6 ft. 
perform 50 revolutions per min., required let, the 
Telocity of its ciroumferencc, and 2iid, its angular 
velocity. 

Here, by eq. (1), n = 50, and r = 6, then 



X 3-1416 X 50 X 6 = 31'416 ft. per sec. 



" 30 



And, by eq. (4), A = g^ ^ S-1416x 50 = 5-236. 

8. If V and v be the velocities of two parts of a 

piece of mechanism, then — is the velocity ratio of 

these parts. Let s and s be the corresponding 
spaces described in the same time, then when tho 
motion is uniform 

V s 

— ^= — ^ a constant, 

V s 

that is, when the velocities are uniform, the velo- 
city ratio ia constant. 

9. If the velocity ratio of the two parts remains 
constant, then however variable the velocities 

themselves may be, we still shall have - ^ - 

where s and s are the entire spaces described ii 
the same interval of time. 
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10. When a body moves with a variable motion, 
its velocity at any instant is determined by the 
rate at which it is moving at that particular 
instant, that ia, by the space which it would move 
over in one second, supposing the motion which 
it then has to remain constant for that time. 
Variable motions may be graphically repre- 
sented, by taking the 
acissa of a curve 
I equal to the units of 
time, and the ordinates 
equal to the unita of 
the corresponding 
velocities. Thus let a 
B be equal to the units of velocity at the com- 
mencement of the motion ; A c the units in inter- 
val of time, c D the units in the corresjionding 
velocity; and so on; then the area of the curved 
space A B D F E will be equal to the space described 
in the interval of time represented by A E. 

If the motion be uniform the curve B d F will 
become a straight line parallel to Q X, and the 
space described in any given time will be repre- 
sented by the area of a rectangle, whose length ia 
equal to the units of time, and breadth equal to 
the units of velocity. 

If the motion be uniformly accelerated or re- 
tarded, the curve b d p will become a straight line 
inobned to the axis q s, and the space described 
in this case, will be represented by the area of a 
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trapezoid, whoae base is equal to the units of time 
and parallel aides respectively to the velocity at 
the commencemeiil and end of that time. 

11. The PART3 OF A MACHnra, — A machine 
coniBts of three important parts. 

(1.) The parts which receive the work of the 

moving power — these may be called BECElTKBa 

of work. 

(2.) The parts which perform the work to te 

1- done by the machine — these may be called WOBK- 

■ ISG PARTS, or more simply, OPERATORS. 

(8.) The mechanism which transmits the work 

t^m the receivers to the working parts or opera- 

I tors — these pieces of mechanism may be called 

I COMMUNICATORS OF WORK; or the TBAN3MlaSIYB 

MACHINERY. 

The form of the mechanism must always bai 
determined from the relation subsisting between 
the motions of the receivers and operators. 

If there were no loss of work in transmission 

(from friction, etc.) the work applied to the re- 

oeiver would always be equal to the work done 

I by the operator. Thus, let p be the lbs. pressure 

(pplied to the receiver, and a the space in feet 

^^rhich it moves over in a certain time ; Pi the Iha. 

f^pressure produced at the working part, and Si the 

P-ipace in feet which it moves over in the sam 

t time; then, neglecting the loss of work by friction 

pwe have — 
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Work applied to the receiver = work done 
by the operator, 

or pxs = PiXSi...(l). 

However, it must be borne in mind, that the 
actual or useful work done by a machine is always 
a certain fractional part of the work applied ; this 
fraction, determined for any particular machine, is 
called the modulus of that machine. If m be put 
for this modulus, then we have from eq. (1) 

mx p X s = Pi X Si ... (2). 

In treating of the motion of these parts of a 
machine it is generally most convenient to find an 
expression for their proportional velocities. Thus, 
let V be the velocity of the receiver, and Vi that 

V 

of the operator ; then — is their velocity ratio. 

Vi 

See Art. 8. 

It must be observed, that this velocity ratio is 
not at all affected by the actvxil velocities of the 
parts, provided the velocity ratio of the mechanism 
be constant for all positions. In the more ordi- 
nary pieces of mechanism (such as common 
toothed wheels, wheels moved by straps, levers 
etc.) the velocity ratio is constant, that is to say, 
it remains the same for all positions of the 
mechanism. 

In eq. (1) s may be taken as the velocity of the 
power P, estimated in the direction in which it 
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acts, and s^ that of the resistance P^; then this 
equality becomes — 

PX v = PiXVi...(3), 

Qj. _i_ —. — -__ |.]jg velocity ratio ... (4). 

P Vj 

P 
Now — ^ is called the advantage gained by the 

machine, or the number of times that the resist- 
ance moved is greater than the power applied. 
Hence the advantage gained by a machine, irre» 
spective of friction, etc., is equal to the velocity 
of the power divided by the velocity of the resist 
ance, or the velocity ratio of the power and resist- 
ance. 

This is called the principle of virtual velocities. 
Workmen express this dynamic law by saying, 
*' What is gained in power is lost in speed." 

12. The DIRECTIONAL RELATION of the motion 
of the receiver and the operator admits of every 
possible variation. It may be constant or it may 
be variable. By the intervention of mechanism 
rectilinear motion may be converted into curvili- 
near motion, and conversely ; reciprocating recti- 
linear or circular motion, may be converted into 
continuous circular motion, and conversely ; and 
so on to the various possible combinations of 
which the cases admit. These directional changes 
are so important, in a practical point of view, that 
some eminent writers on mechanism have made 



them the basis of the classification of mechanism. 
But, however eligible in a practical point of view 
aach a clasaifioation may be, there is complexity 
in its application, which renders it lesa suitable 
for acientiflo purposes than that method of classifi- 
cation which is based upon the nature or mode of 
action of certain elementary pieces of mechanism 
which enter, more or less, into every mechanical 
combination, 

Elemeniary Forms of Mechanism. 

13. In analysing the parts of a machine we find 
motion transmitted by jointed rods or links, by 
straps and cords, by wheels rolling on other wheels, 
and by pieces of various forma sliding or slipping 
on other pieces. Hence we have the following 
elementary forms of mechanism : 

(1.) Transmission of motion by jointed rods, — 
Link-work. 

(2.) By straps, cords, etc., — Wrapping Con- 

NBCT0B8. 

(3.) By wheels or curved surfaces, revolving on 
centres, rolling on each other, — Wheel-work. 

(4.) By pieces of various forms, sliding or slip- 
ping on each other, — Slidinq-piecbs, 

14. The velocity ratio, as well as the directional 
relation, in an elementary piece of mechanism may 
be either constant or varying. The number of 
combinations of which these elementary pieces 
admit, is almost unlimited. The eccentric wheel 
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is a combination of sliding pieces and link- work. 
The common crane is a combination of wheel- 
work, link-work, and wrapping connectors ; and 
BO on to other cases. 

A train of mechanism must be supported by 
some frame work ; the train of pieces being such^ 
that when the receiver is moved the other piedei 
are constrained to move in the manner determined 
by the mode of their connection. Bevolvi&|^ 
pieces, such as wheels and pulleys, are so connect* 
ed with the frame that every portion of them iff 
constrained to move in a circle round the aads; 
and sliding pieces are constrained to move in 
straight lines by guides. 

Mechanism is to a great extent a geometrical 
inquiry. The motion of one piece in a train may 
differ, both in kind and direction, from the motion 
of the next piece in the series : these changes are 
effected by the geometrical construction of the 
pieces, as well as by their mode of connectioa. 
The investigation of the law of these changes con- 
stitutes one of the chief objects of the principlea 
of mechanism. ' 



II. ON LINK-WORK. 



15. Tf a bent rod or lever A c B turn upon the 
centre o, the velocities of the extremities A and B. 
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■will be to each other in the ratio of their distiiucee 
from the centre of motion c, that is, 




It 13 not necessary that the arms A c and B c 
should be in the same plane. Tims let c i> be an 
axia round which the arms a e and B F revolve, 
then, 

velocity A perpend, dist. A from the axis 

velocity B perpend, dist. b from the axis 




16. Let A B, B D, D E, be a aeriea of levers turn- 
ing on the fixed centres c, q, and r ; then when 
the arcs, through which the extremities A and s 
are moved, are smal! the velocity ratio will be es 
pressed by the following equality : — 
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velo. A A C. B Q. D B 

Veio. K B C. D Q, KB 

I that is to Bay, the velocity ratio of P and p, is found 

by taking the product of the lengths of the omu ^ 

ing toward p, and dividing by the product of thine 

lying totoard P,, 

17. To find the velocity ratio of the rods A B and 
I D, turning on tlie fixed centres, A and D ; and co^ 
ed by the link B c, 

Ptg.S. 




Through the centres A and d, draw the straight. 
line DBA, cutting c B in e ; and from A and D 
fall the perpendiculars A q and d k upon c b, or 
it may be upon c B produced. Then 
ang. velo. do a g 
aitg. velo. A B D K ^ ' ' 
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that ia to say, the angular velocities of the fkls n o 
und A B are la each other in the inverse ratio of the 
perpendiculars let fall from their respective axes 
upon the direction of the link. 
Similarly we also have : 
ang. velo. d c 
ang. velo. A B~ 
hat is to say, the angular velocities of lite rods D O 
and A B are to each other in the inverse ratio of the 
segments into which the link dtvides the line joining 
their axes. 

These velocity ratios are obviously varying, 
depending upon the relative positions of the rods. 
18. Thb Orank and Great Beam. — Let a b 
represent one half of the great beam of a steam- 
engine, D c the crank, and b c the connecting rod. 
Putting ff for the angle D c B, and ^i for the angle 
ABC; then 

velo, crank 



velo. beam ain 



..(1). 



When the connecting rod B c is very long as 
compared with the length of the crank 11 c, thcn^j, 
is nearly constant, being nearly equal to 90°, in 
his case, eq. (1) becomes 

velo. crank ■'■ /n\ 

velo. beam sin 3 " 
The crank must be in the same straight line 
with the connecting rod, at the highest and lowest 
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points of the stroke of tbe beam, and then p i= 
In these positions tbe crank is said to be at 

dead points. 

Tbe velocity ratio, expressed by eq. (2), will 
a maximum wben 3 = 0, that is, the velocity of tl 
crank will be a maximum wbea it is in its di 
points. When 3 ^ 90°, or wben the crank is 
right angles to the connecting rod, tbea 
velocity of tbe crank is a minimum. 

If R^A B, or one-half the length of tbe gr< 
beam ; r ^ d c, the length of tbe crank ; and A 
tbe angular oscillation of tbe beam, or the whole 
angle described by the beam in one stroke; then. 



r = B am 7 



..(3) 



which expresses the length of tbe crank in tenas 
of the radius of tbe beam and angle of its stroke. 

A dovhle oscilUuion of the beam produces ons 
complete rotation of tbo crank, or conversely, taking 
tbe crank as the driver, each rotation of the crank 
produces a double osciltalion in tbe beam. 

From eq. (1) it follows, that tbe velocity of the 
crank is equal to the velocity of the beam, when 
/J ^ 3i or angle D C B is equal to angle A B o ; that 
is, when the position of the crank is parallel to 
that of the beam. 

By this form of tbe crank tlie reciprocaling circu- 
lar motion of tbe extremity of the beam is changed 
into a corUinitous circular motion ; and conversely 




» continuous circular motion is cbangod into a 
redprocaling circular motion. 

19. To determine the various relations of position 
and velocity of the CKANK a«t/ piston in a locomo- 
tive engine. P'f o- 

Here the Gonnecting rod, 1 
D E, is attached tu the ex- 
tremity of the piston rod, 
p II, and the knrjtli of the I 
stroke of the piston is equal I 
to dauile the length of the [ 
crank, T K. Moreover, the 
centre, F, of the crank is Id 
tho same straight liue with I 
the axia of the cylinder or I 
the direction of the piston [ 
rod. 

Let I=D B, the length | 
of the connecting rod; 

^= p D, the length of 
the piijton rod ; 

r = FK, the length of I 
the crank ; 

i = F D, the varying (lis- ' 
tance of the extremity of 
the piston rod from the 
axis of the crank ; 

A ^ the corresponding 
height of the stroke of the piston ; 

= tli6 varying angle, FED, whiuh the crank 
s with the direction of the connecting rod. 
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(1.) The velocity ratio of the crank and piston ia 
expressed by the following equality : 

velo. crank 1 ,^. 

— 1 ;-— = ••• (2\ 

velo. piston sm ^ ^ ^ 

where jS in eq. (2) is put for angle K F D ; that is^ 
the angle which the crank makes with the direc- 
tion of the piston rod. 

This latter form of the expression is the same 
as that given in eq. (2), Art. 18. 

(2.) When the piston is at the bottom point of 
its stroke, its distance from F^FB + Bl) + DP 
= r + Z + 4 ; also FD = FB + DE = r + l 

When the piston is at the middle point of its 
stroke, then F D ^ B d ; that is to say, in this 
position of the piston d b F will be an isosceles 
triangle. 

(8.) ITie position of the crank at any point of the 
stroke of the piston is determined by the tioo/ollomng 
general equations: — 

k = T+l—h...{2). 
cos e = ^- 1 ... (4). 

When the piston is at the middle point of its 
stroke, then h=r, and eq. (4) becomes 

r 
cos e = 2~2 *"(^)- 
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When the crank is at right angles to Ilia 
oonaecting rod, 9^90°, ami then we find from 

A = r + Z— Vr' + Z -.(6). 

This expression is, obviously, less than r, or 
half the whole stroke of the piston. Hence it 
appears that the crank is at right angles with the 
connecting roil, before the piston liaa attained the 
middle point of its upward stroke. 

20. Fig, 7 shows how a rotation of the axis A is 
transmitted to another c, by means of the two 
equal cranks A B and c D, connected by the con- 
necting rod u B, whose length is ^^^ ^ 
equal to the distance A c, between 
the two axes. In all positions 
of the cranks, the figure A B c D 
will be a parallelogram, and the 
velocity of D will always be equal 
to the velocity of b, and the mo- 
tion of the axis c will be exactly 
the same as that of the axis A. 

21. Two seta of cranks may be 
placed upon the axes, having the 
cranks on each axis at right an- 
gles to each other, similar to the 
mode of connecting the wheels of 
a locomotive engine, as shown in fig. 8, where 
the cranks are formed by bending, or loops made 

flio axes. These axes must be parallel to each 
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otber, aod the connecting rods must also be of 
equal lengths. 

The advantage of thta combination consists ia J 
maintaining a constant moving pressure, by whioh 1 
means an equable motion is sustained without Ab J 
aid of the inertiie of the machinery. 




22. The double universal joint, represented in 
fig. 0, fumishes another example of link-work, 
for tranamitling motion from one axis to another 
axis. This useful piece of mechanism should be 
constructed, so that the extreme axes, A B and c o, 
would meet in a point, if produced, and the angles 
which they respectively make with the central 
line of the intermediate piece, b f h g, shall be 
equal to each other. 



TO CONaTRDCT WATT 8 PARALNEL MOTION, 

23, Tliia beautiful and useful piece of median 
ism is formed by a combination of link-work. 

Let A B and c D (see figa. 10 and 11) be two 
rods, turning on the fixed centres A and D, and 
connected together by »ig- n. 

the short link C 
then when motion is | 
given to the rods, 
there is a certain 
point, E, in the link 
B, which will mo 
or very nearly move, in a straight line. In mat- 
ter of fact the path, or iocus, of thia point is a 
curve of the fourth degree; but when the motion 
of the rods ia limited, and their lengths are con 
siderable, as compared with the length of their 
connecting link, this path becomes almost exactly 
a straight line. 
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In flg. 11, c B K R is a parallel frame of links; 
to the joint R U attached the piston rod b p of the 
•team engine ; and to the point B is aUached the 
piston rod of the air-pump. 

(1.) To firul the pmrU B (see fig. 10) Id whidi Ae 
air pump rod must be aUached, having given the 
radius rod I), the link c B or Q o, and the rod A B 
or A Q forming a part of the great beam. 

Let 1) g, A G be an extreme position of the rods. 
Let tlie rodri he moved to the position A B c D, 
where the link B is perpendicular to A B and 
P 0. iVoduce H c, meeting the link Q a in the 
point K ; then B will be that point of the link which 
will moHt nearly move in a vertical straight line. 
The ratio of q s to o s is generally expressed by 
the following equality: — 

a 

(r sin o \ 
? j ."(1); 
. A / 
Bsin^ / 

where H = A b, r = DC, a = angle D Q, and A = 
angle bag. 

Proiiticiilly the link Q G or c B deviates very 
little from the vertical ; and the angles a and A are 

small ; hence, r sin ^ = R sin ^ very nearly ; in 
tliis case, therefore, eq. (1) simply becomes 

^-=-•..(2); 

GB r ^ ^» 
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and from this equality we readily find, 

D Q X G Q 
GB = -^^ ...(3), 

which gives the position of the point B, as re* 
quired. 

When D Q = A G, then g B = — , that is to say, 

in this case, the point B is at the middle of the 
link Q G or c D. 

Examph, — Let A B or A G = 5 ft.; D C or D Q =r 

4 ft.; and C B or G Q ^ 1*5 ft.; then by eq. (3) we 

have, 

4x1-5 2^ 
GE=-^-^ = 3ft. 

(2.) To find the length of the radius rod D c (see 
fig. 11), when the divisions A B and B K,on the beam 
are given. 

In this case. 

A B* 

The radius rod, D c = ••• (4). 

B K 

When A B = B K ; then D c = A B ; that is, in 
this case, the radius rod will be equal to the divi- 
sion A B on the beam. 

Example. — Let A B = 6 ft., and B K = 4 ft. ; then 

by ea.(4) we have, 

6" 
The radius rod, d c = -r = 9 ft;. 

4 




24. Fig. 12 representa a system of links B A C, 
c D, and u K, tarniDg on the fixed centres A and B, 
and having the arms a b and a c united to the 
same centre A. The construction is snch, that 
while the rod a b 
makeaasini^ie os- 
cillation from B 
I to I, the rod E D 
I willmakea(/oub& 
I oscillation, viz., 
I from D to F, and 
I back from f to D, 
I The oscillations 
I of A B are pro- 
I duced by the ro- 
I tation of a crank 
I (see Art 17), or 
I by any other 
I means. 

The conditions 

I of the conatrne- 

I tion may be atat- 

I ed as follows: 

r\ ven the 

lengths of the 

arms A c and E D, the lengths or angles of their 

oscillations, and the length of the connecting link 

D, to construct the mechanism, so that the rod 
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K D shall perform two oscillations whilst a b 
makes one. 

Let B A be the poattion of the bent lever at 
the commencement of the upward oscillation. 
Draw A I and A H, making the angles B a I and 
A H each equal to the angle of the oscillation. 
From A as a centre, with a b and a c as radii, de- 
scribe the arcs B i and c H. Through a draw A 
Q F bisecting the angle c A H cutting the arc c H 
in Q. On A G F take a f equal to the sum of the 
rods A C and C d, and make F v equal to the given 
length of the oscillation of E i>. From D and P 
as centres, with a radius equal to the length of the 
rod & D, describe circles, cutting each other in E ; 
then B will be the centre of the rod E D, which 
will perform two oscillationa, whilst the rod A B 
makes one. 

When A B and A c are in the middle points of 
their oscillations, the rod B D will have the posi- 
tion B F, that is, it will have performed a complete 
upward oscillation. When A b and A c have per- 
formed the remaining halves of their oscillations, 
the rod B F will have returned to the original po- 
sition, that is, it will have performed a complete 
downward oscillation. 

la like manner the oscillations may be funlier 
multiplied, by connecting b d with another series 
of links. 




FBWOIPLBS or HBCHANISX. 

To pnnliicf. a Vehcity which shall be rapidly 
Ttlarded, by meavs of Link-work. 
25. In fig. 13, R A c and E D represent two rodf^ 
lurriing on fixed centres A and e, and connected 
liy n link c D; the rod K D ia supposed to oscil- 
liitc uniformly between the positions e d and s r. 
Now the construction is auch as to produce a 
rapidly retarded motion of the rod R c in moving 







t>om the position B A o to the position sab, and 
conversely. 

The conditions of the construction may be 
stated as follows : 

Q^iveu the rods B d and D c in position and mag- 
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nitude, tlie angle of oscillatioo d e r, and 
length of the rod A c, to construct the mechanism. 

Bisect the arc D F in g, and then biaect the arc 
F O in E; through the points K and E, draw the 
straight line K e c ; from D and E as centres, with 
a radius equal to the length of the liuk D o, de- 
Bcribe arcs, cutting K e c in the points c and b; 
from B and c aa centres, with a radius equal to the 
length of the rod a c, describe art's cutting each 
other in the point A ; then A will be the 
the rod a c. 

When the rod B D arives at the position E G, tl 
rod bag will have the position sab very nearly, 
and it will have moved with a rapidly retiirded 
motion. During the remaining half of the oscil- 
lation G F, the rod 3 A B win remain, virtually, 
ptationary. 

This piece of mechanism was first employed by 
Watt for opening the valves of the steam engine. 

To produce a Beciprocaling Intermittent Motion by 
means of Link-uvrk. 
26. A B and c D (fig. 14.) are two rods, turning 
on the fixed centres a and d, and connected by a 
link B 0. The rod A B is made to oscillate between 
the positions A B and A i, by means of a crank 
and connecting rod. The construction of tlie 
mechanism is such, that the rod d c will oscillate 
between the positions d c and d f, but with an 
intermittent motion. 



the 

ich . 

led 

ill- I 
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Tho conditions of the construction may b« 
fltated as follows: 

Given the rods a b, b c, and c D in position and 
magnitude, to construct the mechanism. 




From A as a centre, with the radius A B, de-1 
scribe the arc B I ; through a and A draw thtM 
straight line c A G, meeting the arc in o ; makel 
G E equal to one third the arc a B, and on the arc J 
take G I equal to G E; on the line g A c take a tM 
equal to B c ; then half the chord B I will give th»l 
length of the crank, and c F will be the . 
through which the rod V C oscillates. 

Bisecting the angle B A E, &c., the position of \ 
the rod d' c' is found, which being connected witb'l 

^Y the link b o', will oscillate exactly in a 
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trary manner to that of t!ie rod d c, tlmt is to say. 
when D c is stationarj d' c' will be in motion, and 
conversely. 

When the point B arriveB at e, the rod d c will 
have completed, practically, ita oscillation, and 
there it will remain stationary until the roil, turn- 
ing on the centre A, returns from the position A i 
to A E, 

Tfte Rakhet-wheel and Detent. 

27. In fig. 15, A represents the ratchet-wheel, 
and D the detent, foiling into the angular teeth of 
the ratchet, thereby admitting the 
wheel to revolve in the direction 
of the arrow, but at the same time 
preventing it from revolving in 
the opposite direction. 

In certain kinds of machinery, 
the action of the moving force un- 
dergoes periodic intermissions ; in 
mich cases the ratchet and detent are used to pre- 
vent the recoil of the wheels, and sometimes to 
give an intermittent motion to the wheel, as in 
the following example. 

Irdfrmiltent Motion produced by Link-work connected 
with a Ratchet-wheel. 

28. H B is a rod, turning on the fixed centre B. 
to'whicli a reciprocating motion is given by the 
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connecting rod c of a crank, or by any otliei 
means ; k f is a click, jointed to the rod B S at its 

extremity, and gives mo- 
tion to the ratchet-wheel 
A. At each upward stroke 
of the rod B E, the click 
s T, acting upon the saw- 
like teeth of the ratchet- 
wheel, causes it to move 
round one or more teeth , and when the extremity 
' r of the click is drawn back by the descent of the 
lever b e, it will slide over the bevelled aides of 
the teeth without giving any motion to the wheel, 
so that at every upward stroke of the rod C the 
ratchet-wheel will be moved round and it will re- 
main at rest during every downward stroke of the 
rod. Thus the reciprocating motion of the con- 
necting rod, c, will produce an intermittent circular 
motion in the axis A. 



III. ON WRAPPING CONNECTOHS. 

29. When the moving force of the machinery is 
not very great, cords, belts, and other wrapping 
connectors, are most usually employed in transmit- 
ting motion from one revolving axis to another, 

30. The endUss cord or belt x^o D, represented 
in figs. 17 and 18, passes round the wheels, A B 
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and c D, revolving on the parallel axes B K and 
q T, and transmits motion from the axia q P to the 
axis R K, with a constant vclocitj ratio. In all 
Buch cases the motion is entirely maintained by the 
frictional adhesion of the cord or belt to the snr- 
&ce of the wheel. 




When the cord passing round the wheels ia 
direct, as in fig. 17, the motions of the wheels take 
place in the same direction, and when the cords 
cross each other, as in fig. 18, the motions of the 
wheels take place in opposite directions. 

If the wheel C D makes one revolution, then. 



ITo. revo. A b ; 



oircum. c D radius o D 



(!)■ 



~ circum. A B radius A b 
Or putting R and r for the radii of the wheels 
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o D and A B respective! J, and Q and q for their re- 
spective syncbroDal rotations, then 



•(2). 



—If the radius of the wheel c d be 12 
I inches, and that of a b 9 inches, what will ' the 
least number of entire revolutions 
must make in the same time? 
1, by eq. (2), we have 




^ 



""'-^■' 9 -T 

therefore the least . rotations 

are i and 3, that is to t ■. ine wheel C D 

makes 3 rotations, the whee. ^ B will make 4. 

31. Fig. 19 represents a system of three revolv- 
ing axes, in which motion is transmitted from one to 
y,g, 19, the other, by means 

of a series of belts. 
The belt beiag 
direct in the wheels 
A and D c, t h e i r 
axes will move in 
the same direotion, but as the belt crosses in pass 
ing from D c to H G, their axes will move in oppo 
site directions. 
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No. rotations A = 



Here, wbilst the axis b makes one rotation, t 
rad. H Q X rad. D C 
rad. E Fxrad. i k 

Or putting R, = rad D c, B, ^ rad. h g, &c., 

K, r, ^ rad. e f, A:c., and putting q and q 



■(I)- 



r, = rad. 

for the synchronal rotations of the first and 

axes respectively ; then 



X r, X r» X &o. 



..(2> 



lasi J 



—In the mechanism represented in 
fig. 19, let a, = 8, Rj = 15, n = 5, r, = 4 ; required 
the least number of entire rotations performed in 
the same time by the axes A and B, 



Here, by eq. (2) we have, 



8xl5_6 
"" 6x~4 ~' I 



4 



that is, whilst the axis B makes one revolution, 
the axis a will make six, 

32. In raising buckets from deep wells or from 
pits, a continuous cord coils round an axle or a 
drum wheel, as the case may be, the full bucket 
being attached to one end of the cord and the 
empty bucket to the other end ; the rotation of the 
axle coils up the cord to which the fnll bucket is 
attached and at the same time uncoils the cord to 
which the empty one is attached, so th.tt whilst 
^e former is ascending the latter is descending. 
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%«rf Pulleys. 

88. Fig. 20 repreaenta an arrangement of speed 
pulleys ; A B and c d are two parallel axes upon 
each of whicli ia fixed a series of pulleys, or 
^ wheels, adapted for a belt of 

given length, so that it may be 
shifted from one pair of wheels to 
any other pair, say for example, 
from the pair a a, to the pair c C|. 
In order to suit this arrangement 
if the belt be crossed, the sum of 
the diameters of any pair of pulleys 
must be a constant quantity, that is 
t" say, it must be equal to the sum 
(if tiic diameters of any other pair. 
By this contrivance, a uhange in 
the velocity ratio of the two axes 
is produced by simply shifting the 
belt from one pair to another. 

In practice it is customary to make the two 
groups of pulleys exactly alike, the smallest pulley 
of one being placed opposite to the largest of the 

Oth.'f. 

In a group of epeed pulleys, let 8 = the constant 
sum of the diameters of the driver and follower, 
D = the diameter of the driver, d the diameter of 
the follower, and Q q the number of their synchr onttl 
rotations respectively. 
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Q+q ^ " 

d= —^>oT more Simply, , 

= 3 — D ...(2). 

Example. — Required the diameters of a pair of 
speed pulleys, when the sum of tlie diameters is 
SO inches, and the driver makes two revolutions, 
whilst the follower makes three. 

nere a = SO, Q = 2, and q = 3 ; then by crj. (1) 
and (2) we have 

D= ^^=18 in.; and (? = 30 — 18=12 in. 
5 

If the constant sum of the diameters of a group 
of 5 pairs of speed pulleys be 12 inches, and the 
diameters of the pulleys Oi, \, c„ d,, e,, be 10, 8, 
6, 4, and 2 inches respectively, then the diameters 
of the pulleys a, b, c, d, e, will be 2, 4, 6, 8, and 
10 inches respectively ; and as the strap is shifted 
from one pair of wheels to another, the relative 
velocities of the axes CD and AB will be as the 
Tinmbers J, J, 1, 2, and 5. 

34. It is customary to construct the pairs of 
speed pulleys so that the rotations of the follower 
may be increased or decreased in a certain geo- 
metric ratio. Thus, if r be this ratio, then for 5 
pairs of speed pulleys we shall have the series of 

terms -' -' 1, r, t", for the different values of-. 
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th3 ratio of the synchron&l rotations of each pair. 
Or, generally, if n be the number of pairs, then 

»— 1 



11 , , 



— "—l; _^; ••• I *" I ** 9 will be the diflFerent 

T T 

Q 

values of — In this case, let Di, D„ ... , D,» = the 

diameters of the 1st, 2d, ... , and nth pulleys, re- 
spectively, on the driving axis ; and these symbols, 
taken in a reverse order, will be the correspond- 
ing diameters of the pulleys on the driven axis ; 

s s 
then Di = -^1^ dj= ^^ and so on: 

l+r"2"' 1+7-^' 

moreover we have D»= s — Dj, d„_i = s — D,, and 
so on. 

Example, — To find the diameters of a set of 5 

Q 

pairs of speed pulleys, so that values of - (the 

ratio of the synchronal rotations of the different 
pairs) shall have the common ratio of f, the con- 
stant sum of the diameters of each pair being 26 
inches. 

Here r = §, n = 5, and S = 26, then from the 
foregoing formulae we find, 

26 26 

^1— i+(jy —18; Da— j^j — 15f; 

26 , . 

D, = ~\ t(z>fi = 13 ; and so on. 
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Bat the remaining diameters will be Ijetter 
Eooucl as follows : 

D. = 26 — 18 = 8; D,=2Q— 151 = 101. 
35. Two plain cones, having their axes parallel, 
as shown in fig. 21, will obviously answer the 
same purpose as the ordi- pi^ g,. 

nary form of speed pulleys. 
The slant fauea of the cones 
may be formed by any eon- 
tinnous curve; but with this 
condition-— that the sum of 
the diameters at every po- 
sition of the band shall be 
a constant. 




Ouide 

36. By the intervention of (fuiik pulleys the di- 
rection of cords may be changed into any other 
direction. Thus, by means of p,^ ^^ 

the guide pulleys B and c, the 
motion of the cord in the di- 
rection c D is changed into the 
direction A B. 

The cords D and c b 
should be in the plane of the 
pulley C; and the cords c b 
and B A should be in the plane of the pulley B. 

37. Two guide pulleys, b and h, may be em- 
I plowed to transmit motion from the wheel a to 





d these wheels hare 

I^ K H be the line 
where the planes, 
passiDg through the 
two wheeia, interseot 
each other. Id this 
line assume any two 
conrenient points ■ 
and a: in the plane 
of the wheel A draw 
ibe tangents E c and 
a D ; and in the plane 
of the wheel B draw 
the tangents K F and 
H G ; then c E F o H d 
will be the path of the endless cord, which will be 
kept in this path hy a guide pulley at b, in the 
plane of C E F, and another guide pulley at H, in 
the plane of D H o. 

The relative velocities of the axes A and B de- 
pend entirely upon the ratio of the radii, A D and 
B o, of the two wheels. See Art. 30. 

Toprevent Wrapping Gonneciors from Slipping. 

88. The slip of the band on the wheel, when it 
is not exccHsive, is in many cases rather an ad van 
tiigo than otherwise; but when motion is to be 
truiiBnuttcd from one wheel to another according 
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toe given exact ratio, gearing chains of various 
forma are employed as the wrapping connectors. 

39. In some caaea the links of the gearing cbain 
lay hold of pins or teeth formed upon the wheel, 
IB shown in fig. 25. In other cases, the links of 
he gearing are joined together, aomething like a 




watch chain, and carry teeth which pas3 iiiiu cer- 
tain notches made at corresponding distances on 
the edge of the wheel, as shown in fig. 24. 




rig, =7. 

I 



40. When a belt moves a ooaieal wheel, it alway 
happens that the belt gradually moves toward the 
broad end of the wheel \ this is owing to the belt 
* 5 
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being more stretched on that side than it is on 
the other. 

41. This property enables us to construct a 
wheel so that a belt shall not Bhiit on its edge ; 
this is simply effected by making the edge to 
swell a little in the middle, as shown in fig. 27. 

42. When two rollers Lave to make only a 
limited number of revolutions in each direction, 

the slip of the cord may 
be prevented by having 
a cord coiled round each 
end of the rollers in op- 
posite directions, so that 
while one cord is coiled 
on one extremity of the 

rsUer, the other cord is uncoiled from the other 

extremity, as shown in fig. 28. 





l3. By a similar arrangement of cords on th» 
cylinder E F (see fig. 29), a reciprocating motioB 
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of this eyliader will produce a back and forward 
motion of the carriage A B. 



Systems of Pulleys. 

44. A system of pulleys must at least contain 
one movable pulley. When a wheel, forming a 
part of a Byatem of wheels coanected together by 
cords, has a progressive motion, it materially 
affects the velocity ratio of the receiver and the 
operator of the mechanism. There are a great 
many different systems of pulleys, but they ail de- 
pend upon the difierent combinations of movable 
and fixed pulleys, and the difierent modes of redu- 
plication of a cord. 

45. la this system of pulleys ^'* *'■ 
there is one movable block and a 
single continuous cord with three 
duplications, so that whilst the 
moving force P acta by one cord, 
the movable block with its load 
is suspended by six cords; if w 
ascend one foot, each of these cords 
will be shortened one foot, and 
therefore the cord P will be length- 
ened six feet; that is to say, the 
velocity of P will be six times that of w. 

46. In the system of pulleys represented in fig. 
31, there are two distinct cords and two movable 
Dulleys, A and B, making two duplications of cord ; 




52 
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then if B ascend one foot, a must ascend two feet; 
and the cord at P must be lengthened four feet; 
that is, the velocity of p will be four times the 
velocitj of w. 

Generally, if there are n moveable pulleys iu 
such a system, then, 

velo. p ^ 2" X velo. w. 




47. The system of pulleys represented in fig. 32, 
lontains two movable pulleys, one fixed pulley, 

and two single cords. In this case the velocity 
ratio of p to w is as four to one. 

48. Fig. 33 represents a similar system of pul 
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leys, in wliich the velocity ratio of P to W is aa 
five to ooe. 

In all tbese systems of pulleys the velooity ratios 
are constant. 

49. In the compound wheel and axle, reprc- 
eented in flg. 34, the axle is made of different 
thicknesses, as at A and Fig. s* 

s, and a continnous cord 
coils round these parts 
in different directions, 
and passes round the 
wheel of the movable 
pulley D. In one revo- 
lution of the wheel c p, 
the space moved over by the pulley D is ec^ual to 
half the diiferencc of the circuinferences of the 
axlea a and b. Putting Ki for the radius of the 
wheel c p, B for the radius of the axle A, and r for 
the radius of the axle B ; then wa liave for the 
velocity ratio 
, velo. P 2 b, 




t=10, H = 4, r = 3f ; then 

velo. p _ 2 X 10 _ on 
velo. w 4 — 3f 

This piece of mechanism belongs to a class which 
produces what has been called differential motioTis, 



M PBHciFus or meaAHSK. 

their object being to produce a slow smA delinita 
motion in a body by the most simple and practt- 
oable means. 

TO PRODUCE A TARTISG VELOCITY RATIO BY 
MEAIf3 or WRAPPINQ CONNECTORS. 

50. To find the ratio of the angular velocities 
of two eccentric wheela, mored by a cord wrap 
ping over each. 

Let D c be a cord wrapping round the wheels, 
v.g 11. whose axes of motion are 

A and B ; their line c D will 
be a tangent to the two 
curves forming the edges 
of the wheels. On D c 
producefl let fall the per- 
pendiculars A Q and B K ; 
tlien the velocity of tba 
cord, ill this position of the 
wheela, will be eqnal to the 
velocity of the point Q, and at the same time it will 
also be eqnal to the velocity of tlie point K : hencff 
we find, 

angular velocity AC be 
angular velocity B D A Q 




•(1); 



that is to say, the angular velocities are inversely as 
the perpendiculars let fall upon the cord from Ike axe, 
^ motion. 
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M 



B A 

K 



Let B be a movable pulley suapended from 

tnecontiQUoua cortl p a B 0, ^^ ^* 

passing over a fixed pulley 
A, and attached to a point 
c ia tlie same horizontal 
line with A. Let fall B D 
perpendicular to A c; then 
B c will always be equal to 

and B will move in a vertical line I 
■q find, 

velocity p 
velocity W 
This expression may be put in the following 
trigonometrical form : 
city P _ „ 




... (1)- 



IB. ..(2). 



velocity w 

62. Fig. 37 represents a simple and ingenious 
contrivance for communicating a varying velocity 
to the axis B, by meana Fig.37, 

of an endless band Q K c, 
passing over an eccen- 
tric wheel A, a pulley 
B K, and a stretching 
pulley c. The curve of 
the eccentric wheel A, 
must be such as to pro- 
duce the varying velo- 
city required. The 
weight w, attached to the s' 




the band conataotly stretched, so that whi 
may be the velocity of the cord upon leaving 
eccentric wheel, it communicates the same velocity 
to the circumfereQce of the pulley B K, From the 
»xiH A let fall A q perpendicular to the cord Q £; 
then by eq. (1), Art. 60, the velocity ratio may 
De expressed as follows : 

ang, velo. axis A B K 
ang. velo. axis b a q 

Let the axis a revolve uniformly, and let the 
radius B k of the pulley be given; then 

Tkf. ang. velo. axis B will vary as the perpend. 



IV. ON WHEEL-WORK PRODUCINQ MOTION 
ROLLINU CONTACT WHEN THE AXES OF MOTION 
ARE PAUALI-Sf,, 

5t{. Two wheels, E and F, in contact with each 



I 



Kf. M. 




driver F revol' 



other, revolve on the par- 
allel axes A B and c d; 
DOW if the wheels are in 
contact in any one posi- 
tion, they will also be ia 
contact in every other po- 
sition, and their circum- 
ferences will roll upon 
each other, so that if the 
on its axis c D, it will communi- 




cate a rotatory motion to the follower b in a con- 
trary direction, by the Mctional adheaion of the 
parts successiveiy brought iu contact. The edges 
of these wheels must have the same velocity, and 
therefore their angular velocities will be inversely 
aa their radii. 

54. In order to render the transfer of motion 
perfectly exact, the edges of the wheels are formed 
into teeth, placed at equal 
distances from each other 
BO that when one wheel is 
turned, its teeth success 
ively enter into the spaces 
formed on the edge of the 
other wheel. Thus, e\en 
with slight errors of coti 
struction, one wheel c m 
not escape from the other 
which may happen in the 
case of simple rollers, 

The numbers of teeth in the wheels, acting upon 
each in this manner, are in proportion to their 
radii. Thus, let the radius of the wheel A be 15 
inches, that of b 6 inches, and let b contain 8 
teeth; then 

15 
No. teeth in A=8x-7r=20. 




Or, generally, if R and r be put for the radii of the 



r 




■IhiuIj^ and X aid m the Bomber of their t 
t gg pe cti r d y; then 



,.» 



Hence ai^roln' TcJocitiei^ u w^ u the atfocbroii&l 
roCstioii^ of wfaeds, mj be expressed in termx 
tbeir Dorabers of teeth ; tfans we hart 

an g. ve lo. a _ n 

ang. velo. B >' 



also, 



syncbronal rotatioo a 
aynchronal rotation b" 



jncbronal 
atemufi^ 



Here by eq. (3), - = 



IW 

\ 



—Required the least number of teeth 
in the wheels A and B, so that B shall make 106 
revolutiona per min. and a only 40. 

40 _ 8 
105 ~ 21 
that is, B will contain 8 teeth and A 21 teeth. 

The form which must be given to the teeth 
of wheels, ao as to maintain a perfect rolling 
contact, will be explained in another pait of this 
work, 

65. If the wheel A be the driver then B will 
be called the follower. Wheels acting in tUia 
manner are aometimes called spur-wheels. Small 
toothed wheels are called pinions ; thus B raay bo 
called a pinion in relation to a. 

08. Toothed wheehs are said to be hi gecff « 
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their teeth are engaged together, and they are said 
lo be out 0/ gear when tbej are separated. 
57. lo the train of wheels represented in fig. 40, 




iet s„ N„ N„ &c., be the number of teeth in the 
driving wheels, and «i, Wj, «« &o., the number in 
the driven wheels ; Qi ^ the no. of rotations of tlje 
first axis, Qi ^ the no. of the second axis, and so 
1 in the same time: then 



Q- + - . 



Ni . N, . N, . 



■N. 



.(1). 



Thia equality may be expressed in language as 
follows : — The ratio of the synchronal rotations of the 
last and first axes, is equal to t/te continued proditci 
of the number of teeth in the drimmj wheels divided 
by ike continued product of the number of teeth in the 
liriven wheels. 



Similarly we have, 
q- + . _ Q, Q. 



..(2), 



whieh may be expressed in language as follows :— . 
Tha ratio of the synchronal rotation of the first and 



«0 
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hat axes, is eqtuil co the product of (he sepamte tyn- 
chronal ratios of l/ie successive pairs 0/ axes. 

TliQ number of axes in this combination is 
always one more ihau tlie number of pairs of 
wheels. 

It ia evident, from eq. (1), that the drivers and 
followers may be placed in any order in a train 
of wheel-work without changing the velocity 
ratios of the first and last axes. 

Example. — Let the number of pairs of drivers 

and followers be 3, that ia, let m = 3, N, = 18, 

M, = 15, N, = li, Til ^ 7, rja ^ 6, 7J, = 5 ; required 

the least number of synchronal rotations of the 

' first and last axes in the train of wheels. 

Here by eq. (1) we have — 

Q, _ 16 >! 15 X 14 _ 16 
Q, ~ Y" X 6 X 5 " 1 ' 
that is, whilst the first axis makes one revolution, 
the last will make sixteen. 

58. If the number of teeth in a driving wheel 
be some exact multiple of the number of teeth in 
the follower, then the same teeth will come intu 
contact in every revolution of the driver. Thug 
if the driver contains 30 teeth and the follower 6, 
then tho same teeth will come into contact at 
every revolution of the driver. This arrangement 
of teeth is preferred by the clock and watchmaker ; 
but the millwright would add one tooth, called the 
Hunting Coo, to the large wheel, that is, h« 
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would bave 31 teeth in the driver and 6 in the 
follower, because 31 and 6, being prime to each 
other, and at the same time nearly in the same 
ratio as 30 and 6, the same pair of teeth would not 
come again into contact until the large wheel had 
made 6 revolutions, and the small one 31, 

59. Eq. (3), Art. 54, enables ua readily to find 
the number of revolutions which the wheels nmst 
make in order that the aame teeth may come again 
into contact with each other ; for it is only neces- 
sary to reduce the fraction — to its least terms, 

and the numerator of this reduced fraction will give 
the number of revolutions of the driving wheel 
an required. Thus, let N = 144, and n = 54 

then -^ — ^^^i that ia, the driver must make 3 

q 144 o 
complete revolutions, or the follower 8, before the 
same teeth can again come into contact. 

60. In a combination of wheels, whose motions 
are expressed by the equality - ^= ' " ■ ' , an in- 

de6nite number of values may be assigned to the 
numbers of teeth, which shall produce a given syn- 
clironal ratio of the first and last axes; but if «, 
and n, be given, and N, and N, be comprised within 
certain given limits; then a limited number of 
values may be found for Ni and N;. 
^ . Thus, for example, let -' ^60, n,=^na = 8, and 
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the values of N, and N, not to exceed 100 nor to 
be less than 40. 
Here we have — 



d 



8x8 "* . 
.-. rr,.N, = 60 X 64; 
hence, n, may be 60 and N, may be 64 ; but in 

order to determine all the combinations, we must 
put the product, 60 x 64, into prime factors, and 
then distribute these factors into difierent groups 
answering to the limiting values of N, and N,. 
Here, 60 X 64 = 2' x 3 x 5; hence we have 

1st combination, (2* X 3) X (2* X 5) = 48 X 80; 

2d combination, (2' X 3) X (2* x 5) = 96 x 40 ; 

Sd combination, 2' x (2' x 3 X 5) = 64 X 60. 
61. When all the drivers contain the same 
number of teeth, and also the followers, then eq, 
(1), Art. 57, becomes 



<^r- 



(1). 



By means of this formula we may readily de- 
termine the least number of axes requisite for 
producing a given sjnchronal ratio of rotation 
between the first and last axes, when the number 
of teeth in the drivers cannot exceed Ni and the 
number in the followers cannot be less than Wj. 

Find m, in eq. (1), equal to the highest whole 
number, which does not make the right member 
j^eater than the lefl ; then the least number of 
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axes will be 7?i + 2, But if m, a whole number, 
can be found so as to make the right-hand 
member exactly equal to the left, then in this case, 
the least number of axes will be m + 1. 

Example. — Required the least number of axes 
in a train of wheels which shall cause the last axis 
to revolve 180 times as fast as the first axis, 
allowing that none of the drivers can contain more 
than 54 teeth, and none of the followers less 
than 9. 

Here, we must find the greatest whole number 

for m, so tbatj -5- } or (6)" shall not exceed 180. 

This value of m is obviously 2 ; and the least 
number of axes will be 4. 



Idle Wheels. 

62. The wheel c placed between two other 
wheels, A and b, does not affect 
the velocity ratio of these 
wheels ; and hence the wheel c 
ia called an idle wheel. This 1 
intermediate wheel, however, 
causes the wheels a and B to | 
revolve in the same direction, 
whereas if A and b were in contact thej would 
revolve in opposite directions. 





rmsarvMs or xechabisx. 

AmtOar ^Vlueb. 
fig. 43 represents an anoolar wheel a, hn 
^' ^ ing its teeth cut od the internal 

edgeof tbeannoins orrim. The 
toothed wheel B, revolving with- 
in ihe annular wheel A, cansea 
is to revolve in the name direc- 
tion; whereas two ordinary spur 
wheels revolve in apposite direo- 
liotu. 

Comxntrie Wheeh. 
64. When two separate wheels revolve about 
the same centre of motion, 
they are called concentric 
wheels. The pinion D is 
fixed to the axis f b, whilst 
the concentric wheel c ia 
fixed to a tube or cannon, N, 
which revolves freely npon 
the axis F E. The driving 
wlieels, A and B, fixed to the 
parallel axis n G, coTninunicale the relative velo- 
cities to the axis P E and to the c 



Wheel work token the axes are nnt parallel ti 
other. 



each 



65, When the axes of two wheels are not paral- 
lel to each other, motion is generally communi- 
oatod from the one to the other by bevel wheeh or 
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beoel gear. When the axes are perpendicular to 
each other, the face wheel and lantern, And the croum 
wheel are frequently employed. 

Face Wheel and Zantem. 

66. In fig. 44, F represents a/ace wlieel, with ita 
kmlem L. Here 

motion is trana- "'* ** 

mitted from the 
vertical axia A b 
to the horizontal 
axia AC. The 
teeth Y on the face 
of the face wheel 
are called cogi, 
which ace usually 

made of iron, whilst the round stoics forming the 
teeth of the lantern, L, are made of hard wood. 
The axes A B and c d should, when produced, in- 
tersect in a point. 

Crown Wheeh. 

67. Fig, 45 represents 
a crown wheel B, with its 
pinion a, having their 
axes at right angles to 
each other. The teeth 
of the crown wheel are 
cut on the edge of a hoop, 

e of ffhich is at 







rigfat angles to iia axis, aod the piston is tfaieker 
thu wbeeb are oommotilj made. 

Cask Z T» eongtnui Bevel WhetU w Baxl Gear 

tcAen the axa an in the aameptttne. 

68. Let A c aod a b be two axca of rotation, in 

the same plane, and cutting 

i _. each other in the point A. 

On these axes two right 

cones, A n r and A D K, may 

be formed, toneliing each 

other in the line ahd; 

and also two right frusta, 

D F e H and d h k b, of these 

cones may be formed. 

Now, if the frustum D f Q e revolve on its axis 

BA, it will communicate, by rolling contact, ^ 

rotatory motion to the frustum D H E K npon ita 

axis c A. 

These frusta of cones will obviously perform 
their rotations in the same time as the ordinary 
spur wheels previously described. 

On the surracea of these frusta a series of equi- 
diwtant teeth are out, directed to the apex A of tiie 
cones, BO that a straight line passing through tlie 
npox to the outline of the teeth upon the bases d f 
and u K of the frusta shall touch the teeth in every 
part aa shown in the diagr.am. 

Wheels cut in this manner are called bevel gear 
Two wheels of this construction will alwaya 
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transfer motion, with a constant velocity xAtio, 
from one axis to the other, provided theik- axes 
meet each other in a point, which point being 
always made the apex of the frusta forming the 
bevei of the wheels. 

69. General problem. — Given the ratiii of two 
bevel wheels, and the position of their axes, to 
construct the frusta forming the wheels, the two 
axes being in the same plane. 

Let A B and a c be the position of the axes cut- 
ting each other in a. ^^ 
Draw I J parallel to 
AB at a distance equal 
to the radius of the 
wheel on the axis a b ; 
and draw u h parallel 
to A c, at a distance 
equal to the radius of 
the wheel on the axis 
A c, cutting the line 1 J 
in the point D. From the point v, draw D u r per- 
pendicular to A B, and D c E perpendicular to A c. 
Take B F equal to B D, and c E equal to C u. J'^iii 
A B, A D, and A F. At a distance equal to the thick- 
neaa of the wheel, draw h g parallel to d f, cutting 
A D in H ; and through H, draw H K parallel to D hi. 
Then d F q H and d e k e will be the frusta ro 
quired. ' 




Case II. To atiutrucl Bevel Gear when the axes art 
not in the same plaJie. 

70, Thia is oaually dooe by introducing &n in- 
termediate wheel with two frusta formed upon it, 
one frustum roUiug in contact with the driving 
wheel, and the other &astum in contact with the 
driven wheel. 

7 1. Let A B and c D be the direction of the given 
axes ; take A D as a third axis, meeting the axes 

PI ^g^ A B and c D at any 

convenient points, A 
and d; then A will 
be the vertex of 
two rolling frusta 
of cones G and h, 
and D will be the 
vertex of two othw 
rolling fruata of 
cones I and s. 
Whilst the intermediate axis, with ita two frusta 
of cones, revolves, the teeth of the frustum H will 
have a rolling contact with the teeth of the frus- 
tum G, and at the same time the teeth of frustum 
1 will have a rolling contact with the teeth of the 
frustum K; and thus motion will be transmitted 
from the axis A b to the axis c d with a constar.t 
velocity ratio. 

Let Q, and Q, be the number of rotations per 
farmed by the axes A b and o n respectively in the 
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69 



same time ; Ni = the n uraber of teeth in the bevel 
wheel G ; «! ^ the number in the edge H ; N, ^ 
the number in the edge r ; and n, = the number 
in the bevel wheel k ; then, 
Q. N, . N, 



n, . 



■■(1). 



which is similar to the expression given in eq. (1), 
Art. 57. When n, ^ N„ then this equality be- 



^" = ^1V. (2). 
Qi n. 

In this case the intermediate bevel wheel, i n, 
may be regarded as an idle wheel. 

VARIABLE MOTIONS PRODUCED BT WHEEL WORK 
HAVING ROLLING CONTACT. 
72. Two curved wheels, e p and F p, having 
wiling contact, revolve on the axes A and b. In 
order that these whcela may 
roll on each other w;ithout 
slipping, or without produc- 
ing any strain upon the axes 
A and B, these axes must al- 
w'aya be in the line of contact 
A p B, and if the curve p e on 
the one wheel be equal to the 
curve P F on the other wheel, 
tlie sum of the linea A B and 
B I must always be equal to ab, the distance be- 
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twecQ the centrea of motion. Varioua curves may 
be coDBtructed, having this property. For exam- 
ple, two equal ellipses, ep and TV, revolving on 
their foci, A and b, and having A E and B F in the 
line of their major axes, will have a perfect 
rolling contact. Two equal logarithmic spirals 
have also the same property, 

Let D p c be the common tangent to the point 
of contact P ; from A and B let &11 A and B B 
perpendicular to d p c; then, 

angular velocity ap bd bp 

angular velocity BP AC ap '"^ '' 

This result may be expre.ssed in language as 
follows: — The anjular velocities of the tvheeJs are 
inversely as the perpendiculars let fall upon the cowi- 
<wn tangent from the centrea of motion. 
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The curves may be indefinitely varied, but they 
must always be constructed to answer the condi- 
tions explained in Art. 72. 

74. Eoemer's Wheels, — K F and c D are the axes 
of two conical wheels or bevel-wheels k and g, 
having their vertices turned in opposite directions 
the teeth of K are formed like those of the ordinary 
bevel-wheel; but the teeth on G are formed by 
a series of pins ek, fixed on the surface of the 
frustum G, By varying the relative position of 
these pins, any given velocity ratio may be ob- 
tained. 

75. Various combinations have been iuvonted 
for producing a varying angular velocity ; such 
aa the eccentric crown wheel and broad pinion, 
the eccentric spur-wheel with a shifting interme- 
diate wheel, and so on. 



INTERMITTENT AND RECIPROCATING MOTIONS FBO- 
DUOED BY WHEEL WORK, HAVING ROLLING 

CONTACT. 

76. The following is an example of an inter- 
mitteat motion produced by the continuous mo 
tion of a toothed wheel. 

A driving wheel A, having sunk teeth on a por- 
tion of its edge, communicates an intermittent 
motion to the wheel b, which has a corresponding 
nun;iber of teeth on a portion of its edge. The 



s 


Tir^- 




-J- J '^'' 
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portitHi D c of tbe wbeel B, beii^ a plam arc uT i 
tattiB described Erom A as oenbt^ allows th« plain 
poTtioD of the wheel 
A to rerolTe with- 
otit any interrap- 
tion. The wheels 
are brought into 
gear by a pin p, 
fixed to the wheel 
A, and a gcide- 
FLATK G e, fixed to 
the wheel B, Now when a revolves, in the direc- 
tion of the arrow, the plain portion of its edge 
runs past p c without moving 
wheel B, and at the same 
time keeps it from shifting ; 
but when the pin p comes into 
I contact with the guide-plate, the 
wheel B is moved round, and 
the teeth d £ engage themselves 
with the teeth on B, and thus 
the wheel B is constrained to 
make a revolution ; it then re- 
mains at rest until the pin p 
1 comes round to meet the 
I guide-plate. 

77. The Rack and Pinion. — 
By this combination a circular 
ruciprocating motion is changed into a reciprocat- 
ing rectilinear one. Teeth are cut upon the edge 
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of the straight bara, b o and d b, so as to work with 
the teeth uijoii the pinion A. These toothed bars 
are called racks, and they are conatraiiied to move 
in rectilinear paths by guides or rollers. The 
racks in this combination move in opposite diree 
tions. 

78. Fig. 53 represents an application of the 
double rack, for converting a continaoua circular 




motion of a wheel, a, into a reciprocating recti- 
linear motion, given to the frame B B, 

The teeth on A are formed by pins or stavea 
placed about one quaiter round the face of the 
wheel ; these staves act alternately upon the racks 
formed on the upper and under sides of the frame. 
Tbe tooth on each rack, which comes first into 
contact with the stave of the pinion, is made longer 
than the others, in order that tbe first stave should 
act obliquely upon it, thereby tending to lessen 
the shock. In this figuitj the lower atave is repre- 
sented a.1 leaving tSie last rack on tbe under aid(^' 
and the upper atavc as commencing its action on 
the elongated tootli uf the upper rack. 



PBiKorLBB or 1 



Tlie Wedge or Movable IncVwd Pbme. 
71). I'd A B be a movable incUoed jAmmhb or 
wtxlge, Hltding along the Rtnooth etir&oe Dl, bja 
n, M. presBore P applied to 

the end bc^ moA pro- 
ducing a vertical motkiB 
io a heavy rod ot,ivxl- 
i II g OR the plane A <^ and 
coDstrained to move in 
II straight path by means 
of guide rollers, 'nui 
ill be constant, bemg 




find P, 



exprijiMiMl hy tliu following cqualitj : 

velocit y P AU length of the wedge 

vuluuily Pi BO thickness of the wedge. 
Hh Irammil mutton from an oxm a d, &> analha 
/»;/( a C, parallel to it. 

MO. Tlio uxia A D curries an arm a b, and a pin 
E P, which enters and 
slips freely in a slit 
made in the arm o B 
attached to the axis 
BC. When the axis 
A 1) revolves, it oom- 
miiniciites a rotation 
in the same direction 
to the other axia B a, 
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but with a varying velocity ratio, for the pin f 
(lontinually changes its distance B P from the axis 
BO. 

When the distance between the parallel axes is 
small, and the axis A D revolves uniformly, the 
angular velocity of the axis B c varies, very nearly, 
inversely as the distance, B p, of the pin from this 
axis. 

The Eccentric Wheel. 

81. This mechanism is usually employed to 
give motion to the slide-valve of the steam engine. 
Fig. 67. In fig, 57, B repre- 

sents the axis of 
the eccentric 
wheel; c the cen- 
tre of the circle; 
E R F K a hoop 
which embraces 
the eocentrio 
wheel BO that the one may revolve freely within 
the other ; E F D a frame connecting this hoop with 
the extremity D of the bent lever D lg, turning 
on the fixed centre L. Now when the eccentric 
wheel revolves in the direction of the arrow, shown 
in the figure, the frame with the pin D is pushed 
to the right, and when the lob side of the eccen- 
tric has passed the line of centres, B and d, thg 
frame with the pin D is drawn to the l6ft, and bo 
Thus the continuous rotation of the axla^ 
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produces a reciprocating circular motion in the 
pin D, The stroke of the pio d will be eqattl to 
twice c B, or doable the eccentricity of the wheel 

Camba, Wipers, and Tappets. 

82. Cambs are those irregular pieces of mecban- 
ism to which a rotatory motion is given for the 
purpose of producing, by sliding contact, recipro- 
cating motions in rods and levers. 

83. In fig. 58, B c D represents the camb, turn- 
ing on its axis A, and giving a reciprocating recti- 
linear motion to the heavy rod 
E F, which is restrained to move 
in its rectilinear path by the guide 
rollers. The rotation of the axis 
A being in the direction of the 
arrow, the rod e f has an upward 
motion until the extreme point B 
of the eamb comes in a line with. 
the rod, then the portion B G of 
the camb allows the rod to fall, 
by its own weight, or by the 

tion of a spring, until the point Q comes in a line 
with the rod, and so on; thus one revolution of 
the camb, here presented, will cause the rod to 
make three upward and three downward strokes. 
By varying the curve of the camb, any law of 
motion may be given to the rod, 

84. In fig. 59, the pin B of the rod is made to 
traverse a groove E G d, cut in the camb plate, so 




I pro- 
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that tbe pressure of tijc camb upon the ]ui 

duces the downward stroke of 

the rod as well as its upward 

stroke. In this case the rod 

will only make one upward and 

one downward stroke in every 

revolution of the camb plate. 

The length of the stroke of the 

rod will be equal to the difllT- 

ence between a d and A o. wIiltu 

D is the point in the gionvu 

furthest from the centrL' A, ami 

a is the point nearest lo it. 

85. To find the curve forming the groove of u catnh, 
so that the velocity 
ratio of the rod and 
the axis of the camb 
may he constant. 

Let A be the cen- 
tre of the camb, and 
CABQ the direction 
of the rod. From a 
as a centre, with any 
TOUvenient distance 
A 0, describe the cir- 
cle c E D B N. On 
B A take B a equal 
to the length of the 
stroke of the rod ; 
divide it into any 
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convenient number of equal parts, say five, in Hae 
points, b, cd,e, and divide tbe semicircle BDK FQ 
into the same number of equal parta bj the radial 
lines, A. D, A E, A F. From a as a centre, with A b, 
A c, X d, A e, SlB radii, describe circles cutting A D, 
A K, &c., respectively in the points g. It, l,m: then 
through these points draw the curve a g k Imc; 
aud similarly in the semicircle bnc draw the 
other curve anpC 

All lines drawn through the centre A of this 
curve are equal ; thug ac^ln^gpr^ &c 
Hence if the rod had two pina placed at a and C, 
the camb would revolve between them, and would 
cause the rod to make a downward as well r3 an 
upward stroke. This curve is the spiral of Archi- 
medes, 

By dividing the line B a into parts having a , 




varying ratio to one another, tiny proposed law of 
velocity may be given to the rod. 
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86. In fig. 61, the eontiuuoug rotation of l!ia 
camb ABC, rerolving on the axis a, gives an 
oscillating motion to the rod or lever F a, turning 
on the centre F. In one revolution of the canib 
the rod makes a double oscillation in the arc a a,. 

87. Wipers. — "When the rod is to receive a sorioa 
of lifts with intervals of 

rest, the carab is made 
into the form of project- 
ing teeth, which are com- 
monly called Wipers or 
Tappets. 

88. In fig. 62, the re- 
volving cylinder ohaa five 
wipers upon its circumfon-'nce, wliich give five 
downward strokes to the hammer, H, pliiced at the 





extremity of the lever A w, i 
lylindcr. 
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Ift. In fig. OS, two tappets, upon the revolving 
cvlinduT 0, give two downward strokes to the 
li«nvy bar or stiimper A b, in each revolution of 
tlio oylindur. In this case tlie bar ab is coa- 
Htrniiiud to move in a rectilinear path by means 
or guide rollers. 

V(t. In llg. 64, n single wiper on the cylinder 
givuit tin intermittent rotation to the ratchet wheel 
A with its dotcnt D. At each revolution of c 
only one loolli in A ih moved round, ao that for 
till' grt'iitor portion of the revolution of c ilie 

Wllfltl II is III I'OHt. 

»l. In llg. (to, till- .■.Mitinuous roliUion of tliree 




,'omiiiniiK'aloa a reciprocating rccti- 
linoitr motion to tlio fniiuu a iJC d. The wiper a 
IH oiigKgtitl with the jMlkt e. and at the instant 
uf di)iDngagi.'niout the wiper b becomes engaged 
with iho piilK^t J7. and then the frame starts its 
inoliun in a direction eontrary to that of the ar- 
ruwH; and so on, 

Ue Suviah Phlc. 
92. By thia rneohnnism, the continuous rota- 
axis pro<lucca a recipnieating rcc-ti- 
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linear motion in a rod, in the direction of its 
length. 

Here c e represents the revolving axis, to the 
top of which is fixed the inclined circular flat 
plate A B, called the swash plate; A D r the rod 
to which a reciprocating motion is given in the 
the direction of its length, having 
a frictional wheel A at its lower 
extremity resting on the swash 
plate. This rod is kept in contact 
with the plate by its own weight, 
or, if this be not sufficient, by 
means of a spring. Now as the 
swash plate turns round, the rod 
A F is alternately raised and de- 
pressed, so that at every revolu- 
tion of the plate the rod performs an upward 
and a downward stroke. Supposing the rod, as 
represented in this figure, to be at the lowest 
point of its stroke ; from c, the centre of motion 
of the plate, let fall c D perpendicular to A F ; then 
AD will be equal to half the stroke of the rod. 
Moreover, let a be any angle moved over by the 
axis, and let k be the corresponding apace moved 
over by the extremity A of the rod ; then 




(1- 



'), 



which gives the position of the rod at any point 
of the rotation of the plate. 

93. There are an almost endless variety of com- 
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binaliona for producing reciprocatisg motions of 
this kind, by means of alidiog contact. 

94. In 6g. 67, an eccentric revolving pin e, 
alidlng or working in the slit of tlie arm r a gives 
a reciprocating motion to the rod p qia the direo- 
tiou of its length. 

95. In fig. 68, the same effect is produced by 





the rotation of an eecentric wiuwl, i 
a, within the frame c D F fi. 



96. Construction of a ffelix or Sa-ew. — Let A a K 

]e a cyhnder, and A i) k a piece of paper cut in the 
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form of a right angled triangle, having its height 
D E equal to the height A K of the cylinder. Now 
if this paper be wrapped round the cylinder, the 
slant edge A B of the paper will trace the helix or 
screw A a Jj be K upon the cylinder. If A B = B o 
= D be equal to the circumference of the cylin- 
der, the edge of the paper will form four convolu- 
tions, and the perpendiculars bf = ig = he will 
be the distance between the threads of the screw, 
97. The pitch of a Screw is the distance B F 
between two successive convolutions. If < = B F, 
the distance between the threads of the screw, 
r =: the radius of the cylinder, o = angle B f A ^ 
then 

2 rt r 



t = 



tan e 



Fig. 70. 



98. We may also conceive the helix of the 
screw to be formed by the compound motion of 
a point. Suppose the cylinder to rotate uniformly 
upon its axis, whilst a point A upon its surface at 
the same time moves uniformly in the direction of 
its length : then, 
with this compound 
motion, the point A 
will trace the helix 
of a screw. 

99. Transmission 
of motion by the screw, 
' — Let e an cm g he 
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a spiral groove cat opon a cylinder ; A B the axis 
on which it turns ; D E a rod parallel to the axis 
A B, and constrained to move in the direction of 
its length ; e a tooth attached to this rod fitting 
the groove of the screw. Now whon the wheel o 
is turned in the direction of the arrow, the tooth 
with the rod DE will be moved firom left to right 
in the direction of its length, that is, parallel to 
the axis of the screw. 

The velocity ratio of the wheel and the rod 
D E will be constant, for we have 

velocity c circum. described by 
velocity E d pitch of the screw 

If R be the radius of the wheel c, r = the radius 
cylinder a B, v = velocity circum. c, v the velo- 
city of the bar D E, and so on as in art. 97 ; then 
the above equality becomes — 

V 2 ?t R 

/. - = - tan B ... (2); 
and when U = r, then — 

- = tan B ... (3); 

tliat is, the velocity ratio is equal to the tangent of the 
antjlc which the thread of the screto maJces with the 
silks of the cylinder. 
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100. It is obvious tbat the number of teeth in 
the bar d e will not at all alter its motion. 

In fig. 71, the screw acts upon a series of teeth 




upon the rack D E, Tliis arraiiguiiient, callud the 
rack and screw, converts a circular motion into a 
rectilinear one. 

Solid Screw and Nut. 

101. In general the piece acted upon by the 
Fig. 72, screw has its teeth, or rather ita 

threads, formed in acavity which 
embraces the whole circumfer- 
ences of the screw, and the 
threads of the one exactly fit- 
ting the threads of the other. 
This modification is shown in 
fig. 72, where n is the hollow 
screw fitting the threads of the screw a. The solid 
piece a ia called the male screw, and the hollow 
piece the female screw or nut. 

102. Screws are either left handed, or right- 
handed, according to the direction of the threads, 

103. It is important to observe that the follow- 
iag relations of motion subaist between the solid 
Borew and the nut : 




1. When the nnt is fixed, the solid screw will 
have a motion ia the direction of its length, npou 
being turned round, 

2. If the nut revolves, without haring any 
longitudinal motion, the solid screw will have a 
motion in the direction of its length, provided it 
is incapable of revolving, 

3. If the solid screw revolvea without having 
any motion in the direction of its length, the nut 
will have a longitudinal motion, provided it is in- 
capable of revolving. 

The first two cases are exemplified in the differ 
ent forms which are given to the common press 
and the last case is exemplified in the construc- 
tion of the self-acting slide rest of the lathe, and 
,n other kinds of mechanism. 

The screw is usually employed for producing 
very slow uniform motions, .ind lor exerting 
great pressure ihrouyli a limited space. 

T/ie Common Press. 

104. In fig, 73, s s is the solid screw. N the nut, 
N p the lever, B the lower press board which ia 
constrained to move in an upward direction by 
means of the guide frame. 

Case 1. Tn this case the nut \ revolves, but does 
not move longitudinally, but tiie screw s s ia in 
capable of revolving. Hence the press board fl 
ia" moved upward at every revolution of the nulj 
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over a space equal to the: pitch of the screw, or the 

distance between the threads, that is, 

vela p circum. described by p 

velo, B distance between the threads. 
Exainpk, — Let the distance bijtween the threiula 

= J in., the length of tiie lever N r = 2J It.; 

required the velocity ratio of tliu point i' aiid ihe 

press-board B. 

velo. P 2 X 2Jx 12 X 3-U16 

- -, = i — = 75^-984. 

That ia, the velocity of p ia 753-984 times lii.it 



Oiae 2. In this case nib a perforated cylinder 
forming part of tha 
solid surew s s, and 
therefore tarns with it 
on a pivot which works 
ia a socket placed on 
tlie under side of the 
press board b; the 
[liece K fixed to the 
frame contains the hol- 
low or female screw ; 
s(i that the solid screw, 
9 s, IB capable of re- 
volving and of moving 
longitudinally, whilst 
the nut K remains ab- 
solutely fixed. 
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Compound Screte, 

106. This meobaaism consists of two screws A 
nf.T4 snd D, the smaller one b 

working within the larger 
one A, The screw a worka 
in a fixed nut or female screw 
at K, and is capable of revolv- 
ing and moving in the direc- 
tion of its length ; the small 
screw D ia incapable of re- 
volvin;/, but is capable of 
moving in the direction of its 
leiigUi. In one revolution of 
tiie lever p, the screw A de- 
^^ijn_zniEl^^ scends a space equal to the 
distance between its tlireads, 
but at the same time the screw d enters the hollow 
screw I'ormed in A, a space equal to the distance 
between the threads on D, so that the extremity B 
will only descend a space ecjiiixl to the difterence 
between the thioknesa of tlie threads on A and the 
thickness of the threads on b; hence we have 




velo. p 

volo. B dist. bet, th'iis on 



ciroum. described by p 



- (list. bet. tb'ds on D. 



If the length of the lever p ^ r, the pitch of 
the screw A = i, and the pitch of D =; i, ; then 



velo. p 2 « r 
volo. a ~ ( — (, 



.(I). 
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■Ewimpfe. 
tlieu 
velo. P 
velo. B 



= 5 ft., t = i ill, (,= 3ii 



t 12 X 3-1416 



: S01&936 



■ 



The same veJoeity ratio might be attained by 
making the pitch of a single screw a, equal to 
t — 1„ bnt the threads, in this case, might be too 
weak to stand the pressure ; hence the advantage 
of the compound screw. 

The Eridkss Screw. 
Wben the threads or t^eth -jf a revolving 
Bwew are made to ^. , ,. 

act upon the teeth 
of a whee], as in fig. 
75, the mechanism 
is called the endless 
screw. Here, eauli 
rotation of the axis 
A B of the screw 
tarns round one 
tooth of the wheel 
a, the pitch of the 

screw on the axis A B being equal U> the |iitcl 
the teeth on tlie wheel. 

If Q and q be the aynchronal rotiitions of 
the .screw respectively, and N the ti 




wheel 

ber of teeth in the wheel ; 



tUa 
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If » = 40, then | = 40; thai is, for erery n 

Intion performed hy the wheel the screw will 
make 40. 

If B, r be the respective pitch-radii of the wheel 
and screw, s being, as before, the angle which the 
thread of the screw makes with its axis ; then 

| = ?t.„....(2). 

The Differential Screw. 
107. A J> in an axis on which are formed two 
i and ]i c, whose pitches are different. 




Tim pcri'w A it priKSfa tlirongli a fixed nut or fe- 
mnio Borow K, whilst B c passes through a nut N 
which 16 ciipahlo of moving longitudinally, but 
Inoiipnlilu of revolving from the intervention of 
the gnidos. 

IjoI the screw make one turn so as to move tba 
Ojrliudor fVom right to left, then the screw A B will 
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3 through the fixed nut e a space equal to the 
^stance between its threads ; but, at the same 
time, the screw B c will move through the nut N 
a space equal to the thickness of the threads on 
B c ; BO that the nut n will only be moved through 
a space equal to the difference between the thick- 
ness of the threads on A B and B c, that is — 

In one revolution of A, the space moved over 
by the nut N ^ pitch screw A B — piteh screw 
Bc^=i — t,, where I is put for the pitch of the 
screw A B, and I, for that of B c. 

If i ^ („ then nut N will remain at rest. 

If the screw a B be right-handed, and B <: left 
handed ; then i + d will be the space moved civei 
hy the nut N in one revolution of A 
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screw is to be cut, revolving with the mandril D 
of the latbe; A a toothed wheel revolving with 
tlie axis c D, and giving motion to the toothed 
wheel B, round its axis F E, on which ia cut the 
parent screw; this screw gives a longitudinal 
motion to the nut N, as in Case 3, carrying the 
sliding tabic or saddle upon which is securely 
cliunpcd the cutting too! P intended to cut the 
thread of the screw on the cylinder c d. In the 
place of the wheels A b, any combination of wheels 
may be used so aa to produce any relative longi- 
tudinal velocity to the cutting tool P, and thereby 
to form a screw of any given pitch on D with 
the same parent screw f b. 

Let n = the no. of teeth on the wheel A, n, =; 
the no, of teeth on B, ( := the pitch of the screw 
on c D, (| = the pitch of the screw on F E; then 

which expresses the pitch of the screw on o D. 
im this equality we get, 



^in« is 



r = i;.-(2). 



is to say, the pitches of the screws are in tlix 
ratio of the nvmber of (eeth on their respective wheek. 
If Ml and t, be constant, then 



•- 1 



that is to say, the pitch of the screw c 
P num&er of teeth on its w/ieel a. 



I c D vanea 
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Let k and k^ be the number of threads per inch 
on the cylinders c D and P E respectively, then 

j^= ^, and ^ = ti, 
and eq. (2) becomes — 

Now, let there be an intermediate pinion and 
wheel, turning on the same axis, placed between 
A and B ; and let the pinion (acted upon by a) 
contain Ci teeth, and the wheel e teeth ; then the 
velocity ratio of the axis P E will be increased by 

the ratio -, and hence eq. (3) becomes — 

^ _ ^* /4\ 
ki ne '"^ ^' 

Example. — Let n == 30, Wi= 10, <i = J in. ; re- 
quired t 

n 30 

Here by eq. (!),<=- • ^i = Jq x 2 = ^ i". 

To produce a clianging reciprocating rectilinear mo- 
tion by a combination of the camh and screw, 

110. E p is a conical shaped camb, turning on 
the eccentric axis A B, on which is cut the screw 
K. B, working in the fixed nut or hollow screw N ; 
D c a rod resting on the camb, constrained to 
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move in the direction of its length, and to which 
the varying reciprocat- 
ing motion is to be 
given. Here, whilst | 
the camb revolves, it 
haa a continuoas ido- 
tion in the direction of 
the axis A B, so that the 
lower extremity, c, of 
the rod D c describes a 
spiral or screw curve 

upon the cone whose pitch ia equal to the pitch 
of the Bcrew K B. The effect of this ia to make c u 
reciprocate in its path in such a manner that the 
Btrobe in one direction ia shorter than that in the 
opposite direction, 

% produce a boring motion by a combination of 
the screw and toothed wheels. 

111. Here it ia required to produce a rapid ro- 
tation combined with a very slow motion in the 
direction of the axia. 

The screw I B ia cut upon a portion of the re- 
volving axis A B ; this screw passes through a nut 
K capable of revolving with the wheel G, but in- 
capable of moving in the direction of its axis, aa 
in Case 2, page 87; the wheel g ia driven by the 
pinion V revolving on the parallel axis d c; b ia 
a long pinion, turning on this axis, iind acting on 
^eel li, which transmits a rotatory motion 
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to the screw axis A. b. Now the rotation of d 
produces s rotator; motion La the axis A B, and at 
the same time causes it to advance^ in the direc- 




tion of its length, with a Telocity determined by 
the following formula. 

Let Q, Qi, q, be the synchronal rotations of the 
axis c D, the nut K and wheel G, and the wheel 
and axis a B, respectively ; n, Ni, n, n„ the number 
of teeth in the wheels F, s, E, L, respectively ; a 
the apace moved over by A B in the direction of 
ita length , and ( = the pitch of the eorew I B. 

Kow Q( rotations of the nut K moves the eerew 
A B through a apace equal to Qi X ( ; but qi rota- 
tions of L moves the screw through a space, in 
the opposite direction, equal to ji x i; therefore 
in Q rotations of the axis c n, the screw a b will 
be moved through a space equal to tlie difference 
between Q X t and ^i x t, that is, 

a = (g, — Qi) i ; 
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but- = -,and- = -; 

n N 
Now the difference may be very small 

as compared with Q, and consequently s may be 
made as small as we please as compared with Q, 
which is the condition required for the construc- 
tion of a boring instrument. The boring tool ia 
placed *ipon one extremity of the axis A B. 
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CHAPTER n. 

ON WHEELS AND PULLETS. 

The elementary principles of motion by rolling 
contact and by wrapping connectors have already 
been explained, so that in the present chapter we 
have only to examine in detail the methods of ap- 
plying these principles and their respective advan- 
tages, and especially the mode of constructing 
wheels in gear, so that the resulting motion shall 
most nearly approach the condition of perfect roll- 
ing contact. 

We saw in the preliminary chapter that there 
were two methods of transmitting power through 
trains of wheel work, the first being through the 
agency of wrapping connectors, and the second by 
rolling contact. 

Wrapping connectors, — Considerable difference 
of opinion exists as to the best and most efiective 
principle of conveying motion from the source of 
power to the machinery of a mill. The Americans 
prefer leather straps,* and large pulleys or riggers. 

* I have selected the word strap^ instead of belts or hands^ 
as a term more generally applied to wrapping connectors 
iu the northern districts. 

(99) 
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In this ooantry, and especially in the mannfactar 
ing districts, toothed wheels are almost QDiversallf 
employed. Id some parts of the South, and in 
London, straps are extenaiTely used ; bnt in Lan- 
cashire and Yorkshire, where mill-work is carried 
oat on a far larger scale, gearing and light shafts 
at high velocitiea have the preference. Naturally, 
I am of the opinion that the Xortb is right in this 
matter, and that consistently, as I was to a great 
extent the first to introduce that new system of 
gearing which is now general throughout the 
country, and to which I hare never heard any 
serious objection. I have been convinced by a 
long experience that there is less loss of power 
through the friction of the journals, in the case (rf 
geared wheel work, than when straps are employed 
for the transmission of motive power. Carefully 
CJonducted experiments confirm this view, and it 
is therefore evident which mode of transmission 
is, as a general rule, to be preferred- 
There are certain cases in which it is more con- 
venient to use straps instead of gearing. With 
small engines driving saw-mills, and some other 
machinery where the action is irregular, the strap 
is superior to wheel work, because it lessens the 
sbocks incidental to these descriptions of work. 
So, also, when the motive power has been con- 
veyed by wheel work and shafting to the various 
floors of a mill, it is best distributed to the m% 
(ihines by means of straps. 
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In some of the American cotton factories, how- 
ever, there is an inimense drum on the first mo- 
tion, with belts or straps from two to three feet 
wide, transmitting the power to various lines of 
shafting, and these in turn through other pulleys 
and straps, giving motion to the machinery. From 
Ihia description it will be seen that the whole of 
the mill is driven by Btraps alone, without the 
intervention of gearing. 

The advantages of straps are, the smoothness 
and noiseleasneas of the motion. Their disadvan- 
tages are, cumbrousneaa, the expense of their re- 
newal, and the necessity for frequent repairs. The^' 
are inapplicable in cases where the motion must 
be transmitted in a constant ratio, because, as the 
Btraps wear alack, they tend to slip over the pul- 
leys, and thus lose time. In other cases, as has 
been observed, this slipping becomes an advan- 
tage, as it reduces the shock of sudden strains, 
and lessens the danger of breaking the machinery. 
Very various materials are employed for strap.s, 
the most serviceable of all being leather spliceil 
with thongs of hide or cement. Gutta percha has 
been employed with the advantage of dispensing 
with joints, but it is aSected by changes of tem- 
perature, and it stretches uoder great strains. 
Flat straps are almost universally employed, in 
consequence of the property they possess of main- 
taining tbeir position on pulleys, the edge of 
Vfhich is slightly convex (fig. 81). Round belta 
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of catgut or hemp are sometimea used, ranning in 
grooves, which are better made of a y;^ g, 
triaDguIar than a circalar section — so ^^^^^h 
that the belt toachea the pulley in two ^^H^| 
lines only, tangential to the sides of ^^^|^B 
the groove; in this case the friction ^^^|^S 

, of the belt is increased in proportion ^^^^^^ 

Kto the decrease of the angle of the ^^^^H 

l groove. 

The strength of straps must be determined by 
the work they have to transmit. Let a strap trans- 
mit a force of ti horses' power at a velocity of w 

I &et per minute, then the tension on the driving 

I ■'. „■,-,,. 83000 n„ . , 

Bftoe of the belt is lbs. mdependent of the 

llDitial tension producing adhesion between the 

[belt and pulley. For example, let v be 314-16 

' feet per minute, or the velocity of a 24-iach pulley 

at 50 revolutions per minute, and let 3 horses' 

■ ^ , S3000 X 3 „, „ 
power be transmitted; then — „ ^ 312 lbs, 

the strain on the pulley due to the force trans- 
mitted 

The following table has been given for deter- 
mining the least width of straps for transmitting 
various amounts of work over diflerent pulleys. 
The velocity of the belt is assumed to be between 
25 and 30 feet per second, and the widths of the 
belts are given in inches. With greater velocities 
the breadth may be proportionably decreased. 
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Table I. — Appbozikatb Widths of Lbatbkb Straps, ib 
In CBBS, NBCBSBARX TO Tbansbtt ant Numbbb op Hobbes' 



— 
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Ihothed Wheels. — The second method of com- 
municating motion is by rolling contact, as ex- 
plained in the preliminary chapter,* But, io 
practice, the adhesion between the surfaces is 
seldom sufficient to communicate the necessary 
power, and hence various contrivances — such aa 
the wheel and trundle, and toothed wheels — have 
been substituted. The general equations for velo- 
city, ratio, etc^ are the same as if the wheels rolled 
on each other at the pitch circles, but in fact each 
tooth slides upon its fellow. The determination 

" Bee page 66. 
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of the best forma of these teeth so that the friction 
shall bo a minimiim and the motion uniform, ia 
Tme of the most important contributions of applied 
tnathe mattes to practical engineering. 

Of the introduction of toothed wheels and 
toothed gearing, we know very little. Hero of 
Alexandria, who wrote two centuries before our 
era, speaks of toothed wheels and toothed bars in 
a way which seems to indicate that he was not 
altogether ignorant of this method of transmitting 
motion. Later forms are figured in great variety 
in the different collections of meehanieal appli- 
ances of the sixteenth and seventeenth centuries. 

Spur gearing is employed where the axes on 
which the wheels are placed are parallel to one 
another. The smaller wheel __ __ 

in a combination of this sort 
is termed the pinion. An- 
nexed (fig. 82) is a pinion 
from Hamelli (A. D. 1588), 
which from its form, may be 
surmised to be of metal. The 
principle on which spur gear- 
ing is constructed is primarily 
the communication of motion through the rolling 
of two cylinders on one another. The teeth are 
introduced to prevent slipping, and thus to insure 
the regular communication of the motive power. 

In the older wooden wheels, the teeth were 
usually formed of hard wood, and driven into 




WHEELS AND PULLEYS. 

mortises on the periphery of a wooden wheel. 
The pinions were generally replaced by trundles, 
in which cylindrical staves, fixed at equal dis- 
tances round the periphery of two discs, were 
driven by the teeth of the wheel. 

The mortise wheels are still retained in countries 
where iron is expensive, and even in this country 
they are employed in a modified form. Iron 
pinions, with wooden cogs fixed in the periphery, 
are used to receive the motion from the fly-wheels 
of engines, with a view to reduce the noise and to 
increase the smothness of the motion; and many 
millwrights prefer, in all cases where large wheels 
are required to run at high velocities, to make one 
of them a mortise- wheel, with wooden cogs. 

There does not appear to have been much im- 
provement in the construction of wood and iron 
gear since it was first introduced by Mr. Eennie ; 
the only exception being the introduction of a 
machine for cutting out the form of the teetb,* 
which in those days was done by band, with keys 
or wooden wedges fitting into dovetails in the 
'shanks' of the cogs, aa shown at a, fig. 83, on the 

• Mr. Smiles states, in his ' Lives of the Engineers,' tliat 
Brindley, muru tlian a, cenlurj' ago, inTented macliiNery 
for the manufacture of toolh and pinion nhi^ela, ' a tiling,' 
as fllated by the author, ' that had not before been attKmpl. 
ed, h[I Each nbeelH haviug until then, been cut hy hand, 
St great labor and cost.' 
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coBcare aide of 

the rim ; now thej 

are made with an 

iron piQ driven 

through the cog, 

close to the rim, 

as at b. The iron 

pinion or wheel intended to -work in contact with 

the wood teeth was, up to a recent date, turned 

and carefully divided to the epicycloidal form, 
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and then chipped and filed with great exactitude 
in order to fit accurately into the wooden teeth of 
the driving wheel. In all the corn mills of the 
present day, and where great speed is required, 
the aame attention to accuracy is observed in 
wood and iron gear aa in former times. 

The greatest advance in the application of gear- 
ing resulted from the introduction, at the end of 
the eighteenth century, of cast iron in place of 
wood. The credit of the introduction of this ma- 
terial is usually given to Smeaton, who began to 
use cast iron in the construction of the Carron 
Rolling Mill, in 1769.^ But the late Mr. John 
Eennie, when at Boulton and Watt's, in 1784, was 
probably the first to carry the use of cast iron into 
all the details of mill work. Figs. 84, 85 are 
I from the original designs for the Soho 
Rolling Mill, dated 
1785. But the Al- 
bion Corn Mills, 
builtabout tliesame 
time (1784-5), may 
be considered as the 
earliest instance of 
the entire replacing 
of wood by cast 
iron for the bevel and spur wheels and shafts. 
This was effected by the same distinguished en- 
gineer. 

;e the shafts of the wheel and pinion are 
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not parallel to each other, Tarioos forma of conical 
trandlea and bevel wheels, are employed. The 
simplest p!aa is probably the face wheel and trun- 
dle shown in fig. 86, which have been employed 
from a very early period, and which, if made of 
metal, take the form of the crown wheel and pin 
ion, fig. 87. Where the axes are not at right 
angles, conical trundles have been used, one of 
which is figured in Besaoni (A. D. 1578.) 

The most perfect arrangement, however, ia that 
inwhich two wheels called _, __ 

bevel wheels are employed , 
constructed in the form of 
frusta of cones. These 
were not introduced till 
the middle of the last cen- 
tury, the principles of the 
construction of the teeth 
being due to Camus (A.D, 
1752). Fig. 88 shows a bevel wheel designed for 
the Boiling Mill at Soho, by the late Mr. Rennie, 
in 1785.* 




• It Ib evident from tliB shape of tlia eye of tliese wheelB, 
llgB. &4, 85, and 68, that the; were intonded for wooden 
BhaftR, and that oaet <ron had not been in use mach befora 
that time. At an earlier period, Mr. W. Mnrdook, of Soho, 
had a east Iron bevel wheel, vhioh was conaider«d the first 
Inlroduoed into Sootland, many years previous to the abova 
date. Mr. 3meatou aUo had introduced iron wheels at Car- 
rou iu 17S4, and afterwards at a mill at Belper, in Derby. 
Bhire. (See SmUea'a "Life of Rennie," page 13&,) 
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The smoothness and economy of wheel work d 
pend entirely upon the accurauy of the ciirvaturfl 
of the individual teeth which gear with one s 
other. Two chief defects result from imperfec 
ions in their construction : first, the motion coip-J 




municated to the driven wheel is irregular, i 
creasing and diminishing alternately as each tooth ] 
passes the line of centres ; and, second, there u 
viniieceasarj friction between the teeth in g 
resulting not only in loss of power, but . 

I a great and destructive wear in the teeth' i 
10 ■ 
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and joomals. These defects can only be aroic 
by Tedacing, as &r as praticable, tlie size of thft] 
teeth, and by the adoptioD of true principles h 
setting oat their carvatore in the original modeL 

To the first caase alone a large part of the 
feet action of modem machinery of transmisst< 
is to be attribnled; but there is moreoTer oo-^^ 
donbt that, in practice, even where true principli 
have not been adopted, a considerable approach 
has been made to such forma as theory requires. 
Now, with certain limitations, it is known that if 
any form of tooth be taken for one wheel, then, 
can bo found another tooth which will work 
Tectly with it. But there are certain forms which, 
being susceptible of accurate mathematical deter- 
inination, are moat convenient for the purpose. 
Camus, in 1752, was the first to work out the pro- 
perties of cpicycloidal and hypocycloidal curves 
when employed in the construction of the teeth of 
spur and bevel gearing. De la Uire adopted the 
same form. Euler, in 1760, and Kaestner, in 1771, 
investigated in a similar manner the properties 
of the involute. Since their time, Fergnaon, Bu- 
chanan, Hawkins, Reanie, and Airy, have all con- 
tributed to perfecting the mathematical theory. 
And Professor Willis, itmongst other important 
additions, has shown how a close approximation 
to a true form may be made hy the adoption of s 
Bjatem of circular arcs. 

From 1788, when Eennic completed the .Albi<M 
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MLiUs, to the present time, wood and iron gear 
have been in general use for high velocities, and 
for every description of machinery where smooth- 
ness and accuracy of motion were required, Mr. 
Eennie was the first to introduce this system ; and 
in most cases he made the driver, or large wheel, 
with wood cogs, and the driven, or pinion, of iron 
*' chipped and turned " — that is, every tooth of the 
iron wheel was carefully divided in the pitch, 
having first been turned on the fane and the ends 
of the teeth, and drawn to the epicycloidal form. 
They were then chipped with the hammer and 
chisel, and accurately filed to the required dimen- 
sions and forms. The same process was applied 
to the wooden teeth ; and these wheels, when duly 
prepared, were keyed on their respective shafts, 
and securely fixed in contact in the mill. 

The chipping and filing process has of late 
years been superseded by a cutting machine, 
which effects the same purpose, with less risk of 
error ; and the good old system of a penny an inch, 
as practised in Rennie's time, has been exploded, 
much to the discomfiture of the old millwrights, 
who adhere with great tenacity to the hammer 
and chiseL Fig. 89 shows the cutting machine as 
constructed by Messrs. Peter Fairbairn and Co., of 
Leeds. 

The object of this machine is not only to pitch 
and trim the teeth of a large spur or other wheel, 
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but to turn the faco and sides of tlie segments 
previously, when holted to the arms. 

When used aa a lathe for turning, the parts in 
use are as follows : B is a large headstock, carry- 
ing a hollow spindle (C), through which is inserted 
a mandrill upon whicli the wheel to be cut and 
turned ia keyed. Provision is made for carrying 
the other end of this mandrill by a loose fixing. 
The hollow spindle is driven (with the wheel upon 
it) by a worm wheel (J) which is made to run 
loode on the spindle, but which is now by a lock 
bolt connected to the larger worm wheel or divid- 
ing wheel (E), the worm of which is now thrown 
out, and which is keyed flrmly on the spindle. 
The necessary speeds are given by the five-speed 
oon& and mitre gear. The tool for turning is held 
in aa ordinary slide rest, which moves transver- 
sally on a saddle, which slides and ia fiistened in 
the T groves of two strong beds (A), firmly se- 
cured to masonry, and between which the wheel 
revolves. 

When used for pitching and trimming, the lock 
bolt connecting the two worm wheels is removed, 
and the pitch is given by the train of change 
wheels and division plate (A). The place of the 
slide rest is now taken by a headstock carrying 
two cutters, one for roughing, and the other lor 
finishing. 

The finishing rose-butter is the counterpart of 
10* 
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the ^ce between the teeth, and is transTeraed 
across, making both sides of the tooth alike. 

The remainder of the arrangement will ba 
obvious from the sketch. The same machine can 
be also readily arranged for cutting worm-wheel 
teeth, or for bevel gear. 

The best form which can be given to the teeth 
of wheels is that which will cause them to be 
always, in regard to the power they matually 
exert, in equally favorable situations, and, con- 
seqaently, will give the machine the property of 
being moved uniformly by a power constantly 
eqaal. This would be accomplished by simple 
rolling contact, which corresponds with the case 
in which the teetli are infinitely small, 
Definiliojis. 

1, Spur gearing is that in which the pitch lines 
of the driving and driven wheel are in the same 
plane (fig. 90). 







2 BoUf,.. 
the pitch Iuil; 



nii^' 13 that in which the planes ot 
(j1 the driving and driven wheo 
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are inclined to each otber. In practice, thej are 
in most cases at right angles (fig. 91). 

3. Of two wheels in gear, the lesser is called 
the pinion. 

4. When two wheeb are in gear, a straight 
line joining their centres ia called the line of 
centres. 

6. If the line of centres he divided into two 
parts, proportionally to the number of teeth in 
the wheel and pinion, these parts are called the 
proportional or primitive radii of the wheel and 
pinion. 

6. The radii of the circlea which limit the ex- 
tremities of the teeth are called the true radii. 

7. If, from the centrts of the wheel and pinion, 
sirclea be drawn with radii equal to the primitive 
radii, so that they touch one another in the line 
of centres, the circlea are called the pitch lines of 
the wheel and pinion respectively. 

8. The acting surface of a tooth, projecting 
beyond the pitch circle, ia called its face ; that ■ 
enclosed within the pitch circle, its flank. 

9. The pitch of a wheel ia the distance measured 
along the pitch circle from the face of one tooth 
to the corresponding face of the next; it includes, 
therefore, the breadth of a tooth and space. For 
two wheels to work in gear, the pitch must ba 
the same in each. 

10. Racks are toothed bars in which the pitel 
line ia a straight line. 
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11. In annular wheols the teeth are cut on the 
internal edge of an annulua, or 
ring (fig. 92.) 

In fig. 93, B F is the line of 
centres ; f a, a b, the primitive 
radii of the wheel and pinion 
respectively ; A K L and A M N 
the pitch lines ; s. l and m n, the 
pitch ; F L, the face ; and q l the Hank, of the 
tooth. 





77ie pitch of Wheels. 
We have seen that the pitch of a wlieel ia tho 
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length of an arc of the pitch hue comprising a 
tooth and space. Millwrights ordinarily measure 
the pitch as a cord of this arc, and, except in 
pinions with very few teeth, the two measure- 
mentB sensibly coincide. 

Having the diameter of a wheel, and the num 
her of teeth, the pitch may be found, as follows : 

Let D be the diameter of a wheel, N the number 
of teeth, and p the pitch ; then, as 3"lil6 d = the 
circumference of the circle, 

3-1416 D 



T approximately, 



d 



Conversely, if the pitch of a wheel be given, and 
the number of teeth, then the diameter may be 
found, 

pTJ 7 N^ 

" = 3-"l"416=-22"°'="^y- - 
And if the pitch and diameter of a Vheel be 
given, then the number of teeth may be found, 
_ 3-U16D _2iiD 

P ~ "^ P "^^'"^' 
But since a wheel must contain a whole number 
of teeth, N may never be a mixed number. If, 
therefore, this equation gives K with a fraction, a 
wheel cannot be constructed of that diameter and 
pitch. In this case, however, by slightly inereas- 
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ing or decreasing either the diameter or the pit 
the necessary conditions may be complied with 

In practice it is convenient to limit the num 
of pitches, with a view to the redaction of 
number of patterns required for casting. Tl 
the following series gives all the most ordin 
pitches of my own practice : — 
Spur flywheels, 5, 4|, 4, 3|, 3 J, 3, 2|, 2, 1} incl 
Spur and bevel wheels, 5, 4}, 4, 3|, 3J, 3, 2f, 

2i, 2J, 2, If, If, IJ, If, li, 1 J, 1, I inches. 
Wheels of smaller pitch than this are not usee 
mill-work; but in machines, &c., the follow 
pitches would probably be sufficient, viz : 

1> h i h h h inch. 
The value of ;< ^ ^ ordinarily employed is 
very accurate ; hence it is convenient to calcu" 

u r i_ ^ 1. 1 o P J 3-1416 

beforehand the values of ^ -i ><■./» and 

31416 p 

the most useful pitches. 

The following table gives these values : 



Pitch in 
inches. 


• 

3-1416 

Pitch. 


Pitch 
3 1416. 


Pitch in 
inches. 


31416 
Pitch. 


Pitc 
3-14] 


5 
4 

2X 

2>i 

1% 


0-6283 
0-6981 
0-7864 
0-8976 
0-9666 
10472 
1 1333 
1-2666 
1-3963 
1-6708 
1-6766 


1-6916 
1-4270 
1-2732 
11141 
10346 
0-9648 
0-8754 
0-7968 
0-7136 
0-6366 
0-6937 


i 


1-7962 
1-9264 
2-0944 
2-2848 
2-6132 
2-7924 
3-1416 
3-6904 
4-1888 
6-0266 
62832 


0-66 
0-61 
0-47 
0-43 
0-39 
0-36 
0-31 
0-27 
0-23 
0»19 
016 
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BuLE 1. — Given the pitch and number of teeth 
in a wheel to find its diameter. 

Multiply the number of teeth by the constant 
i^i the third or sixth column of the preceding 
table corresponding to the pitch. 

EuLE 2. — Given the pitch and diameter of a 
wheel to find the number of teeth. 

Multiply the diameter by the constant in the 
second or fifth column of the table corresponding 
to the pitch. 

If this rule gives a mixed number, or whole 
number and fraction, a wheel cannot be con- 
structed, as before said. The most convenient 
way of proceeding in that case will be to take the 
nearest whole number to the number given by 
the rule, and, using Eule 1, find a new diameter 
which will differ but slightly from the one pre- 
viously assumed. This new diameter must be 
taken for the pitch circle in constructing the 
wheel. 

Thus, suppose it required to find the diameter 
of a wheel of 2 inches pitch and 150 teeth. By 
Eule 1, we have D = 150 x 0-6366 = 95| inches 
= 7 ft. 11} inches. 

Or, required the number of teeth in a wheel of 
3 inches pitch and 9 feet diameter. By Eule 2 
N=108 X 1-0472 = 113-097. Here the wheel 
will contain very nearly 113 teeth ; but if we wish 
to know more accurately the diameter of a wheel 
of 3 inches pitch and 113 teeth, we find by the 
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Ist Bol^ D = 113 X 0^518 = 107-89 inclies = 8 
feet llj% inches. That is, a wheel of exactly 9 
feet could not be constmcted with a S-inch pitch, 
bot one of 8 feet 11/^ inches might and woald 
contain 113 teeth. 

Professor Willis has employed another method 
of graduating the sizes of wheels. Suppose the 
diameter, instead of the circumference, to be 
divided into as many equal parts as the wheel has 
teeth, and let one of these parts be called the 
diametral pitch of the wheel, to distinguish it 
from the common or circular pitch. Let K be 
the diametral pitch, so that 

D 

and let a series of values be taken for m in simple 
fractions of an inch, so that 

1 

M= — 

m 

where n and m are always whole numbers. 

The ordinary values of m are 20, 16, 14, 12, 10, 9, 
8, 7, 6, 5, 4, 3, 2, 1, which include wheels in which 
the circular or common pitch varies from J inch 
to 3 inches, as shown in the following table, given 
by Pr ^feasor Willis : 
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Circular 


Circular 




Circular 


Value 


Pitch in 


Pitch to 


Value 


Pitch in 


of m« 


inches and 


nearest 


ofm. 


inches and 




decimals. 


one sixteenth 




decimals. 


3 


1-047 


I 


9 


•349 


4 


•785 


} 


10 


•314 


5 


•628 


1 


12 


•262 


6 


•524 


i 


14 


•224 


7 


•449 


l'« 


16 


•196 


8 


•393 


t 


20 


•157 



Circular 

Pitch to 

nearest 

one sixteenth 






This system is convenient where wheels of small 
pitch are employed, and involves less calculation 
than the common system. 



Since - = m, we have u = ^r^ aT^ 

N 3*14:16 



There- 



fore, in the previous table (p. 118) the quantities in 

the third and sixth columns are the dijinietral 

pitches corresponding to the circular pitches in 

the first column, and the numbers in the second 

column are the corresponding values of m. In 

fact, this scheme differs from the first simply by 

expressing in small whole numbers the quantity 

31416 . ^ , 

instead of p. 

P 

The following table (pages 122 and 123) gives 
the relation of diameter, pitch, and number of 
ceeth, for wheels of from | inch to five inches 
pitch, and of from 12 to 200 teeth. Intermediate 
diameters may be found by direct proportion, by 
multiplying the diameter given for a wheel of half 
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or a tliird of the number of teeth by two or three,. 
or bj adding together the diaroetera given for 
two wheels the sum of whose teeth is the number 
required. For an odd number of teeth, add the 
number given at the head of the table as manjr 
times as may be necessary to the diameter for r 
wheel of the nearest number of teeth given. 

TVic Principles which Determine t/ie PropT Form 
ofihe. Teelh of Wheth. 

The problem which presents ilaelf in the con 
Btruetiiin of the teeth of wheels, is to discover the 
curvature which ihey should have in oitTer that, 
they whal! revolve through the action of the teeth 
in precisely the same manner as they would by 
the rolling of the circumferences of their pitch 
lines. 

The general principle by which this uniformity 
of niotitin is secured is ns follows: — "When wheels 
in gear act on eacli other so that a line perpendi- 
oular to the common tangent of the surfaeea of 
the teeth at the point of cimtaet passes nlwaya 
through the point where the pitch circles cut th« 
line of centres, they will exert mutually the sama' 
force, move with uniform velocity, and be of true 
figure. 

Or, in other words, the teeth will be rightlj 
constructed when a line drawn from the point of 
conbict of the pitch circles to the point of contac 
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of two teeth ia a normal to the surfaces in contact 
in all positions of the wheel and pinion. 

Thus, let fig. 93 represent a wheel and pinion 
id gear, and let B A, A F be the primitive radii, 
find therefore A K i. and A M N the pitch lines. 
Then if the teeth touch in c and d, and the lines 
A c, A D be always perpendicular to the common 
tangent to the touching parts, the teeth will be of 
tme figure. 

Epicychiiial Teeth 

Tlic epicycloid is the curve traced by a fixed 
point in the circumferuiice of a circle, which rolls 
over or within the ci reumference of another circle, 
or on a straight line. Thus, let the circle a b c 
be fixed, and let the circle c d b roll over its cir- 
cumference, then a point c in the circumference 
of this the generating circle will describe an epi- 
cycloid c, c', c", c'", c"", without the circle a b c. 
Similarly, a point V on the circumference of a gen- 
erating circle F O, rolling within the circum- 
ference of A B c, will describe an interior epicy- 
cloid or hypocycloid p, f', p", p'". 

The remarkable properties of the epicycloid 
which determine its fitness for describing the teeth 
of wheels are: 1st, when the generating circle ia 
half the diameter of the base circle, and rolls 
within it^ the hypocycloid is a straight line form- 
ing a, diameter of the base ; 2nd, if through the 
points of contact of the generating circle and the 
11* 
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base, an^l :he piHirt •kacribiog the cfHcrciccd. 
Mraight lines be drawn, ibeae ao^bt lines viU 
be perpemlicular to tbc corvatara of the epicjclcNi] 
fr.»ui the pMnt of wtnticl B to the describii^ poiat 
M tSrae {NMDts. Thus, r.^r example, Bc"' dmno 

from tlic iwiiit of contact b to the describing point 
u'", is a normal to the curve at that point ; and 
Bimilarly A p' in a normal to the curve at f'. 

Suppose in the same plana throe circles us v 

(Rg. 05), which touch each other in tlie point A. 

and whoae oentrcfl f b o are consequently in a 


1 

1 
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straight tine. Let one of these circles be maOe to 
revolve round its centre, and force the other two 
to i.iim round their centres, which we suppode to 




oe fixed, moving these circles by the point of 
continual contact a, common to the three eircum- 
ferences; it ia evident that all the piirta of the 
circumference of the cirde mntle to revolve will 
be applied in succession to evury part of the cir- 
cumferences of the other two circles, in the same 
manner as if the two circles B and x remained 
immovable, while the third, Y, revolved on tlie 
circumferences of the other two. Hence, if wu 
suppose a style fixed to the cireumferenee ol' the 
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circle Y, movable round its centre, the three circles 
having been obliged to turn by the motion of the 
one which has carried along the other two ; when 
the style is at E, if each of the two arcs A c and A H 
be made equal to the arc A E, the style will have 
described on the movable plane of the circle B, on 
the exterior part of which it revolves a portion 
c E of an epicycloid, and on the movable plane of 
the circle x, within which we may consider it to 
revolve, a portion E H of a hypocycloid. {Oamus.) 

These two epicycloids traced oat at the same 
time by the style s affixed to the circle Y, will 
touch each other in the point E ; for the straight 
line A E drawn through A, where the generating 
circle Y touches its bases R and X, will be a normal 
to the two epicycloids. The same will be true in 
every position of the circles, viz.: that the epicy- 
cloid and hypocycloid will have a common normal 
passing through A. Hence, if B c and E H be the 
faces of two teeth on the wheel and pinion R and 
X respectively, the condition of uniform motion 
already given will be complied with, the teeth will 
be of true form, and if the hypocycloid E H be 
moved by the epicycloid E c, or vice versd, the 
wheel and pinion r and X will move precisely as 
if they rolled together at their pitch circles. 

Wheels usually have their teeth constructed of 
such a form, that the flanks or parts within the 
pitch circle are bounded by straight lines radii of 
the pitch circles. Bearing in mind the property 
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already stated^ that the hypocycloid described by 
a generating circle of half the diameter of the base 
is a straight line forming a diameter of the base, 
we may so arrange our generating circle in de- 
scribing the teeth of wheels as to comply with the 
above rule. By taking a generating circle Y of 
diameter equal to the radius of the base X, the 
hypocycloid E H will be part of a radius of X ; or, 
in other words, a radius B H of x will always 
touch the epicycloid c E described without the 
circle R, by a generating circle Y, of a diameter 
equal to the radius of x. And the angle B e A 
being the angle of a semicircle, will always be a 
right angle. That is, the perpendicular to the 
straight line B h, at the point of contact with 
the epicycloid £ c, will always pass through a. 

We have hitherto supposed the circles moved 
by contact at the point A, in order to explain the 
generation of the epicycloid c e and straight line 
E II ; but if we suppose these already described, 
the former being fixed to the circle R, and the 
latter to the circle X; then if E H roll by contact 
on the epicycloid c E, it will niove the circle R 
precisely in the same manner as if the circle 
were moved by contact at A. 

Construction of Epicycloidal Teeth. 

Since every tooth in a wheel is of precisely 
the same form, it is sufficient to construct a sin- 
gle pattern tooth of true epicycloidal curvatuixj, 
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whlcli may be ased id seuing out all tbe o 
teelh. 



First method, when the generating circle is 
same for wheel and pinion, the face of the toot 
as opicyaloid, and the flank a hypocycloid. 

Construct two templets A and B (figs. 96, ' 
having their faces arcs of the pitch circle of the4 
wheel for which the tooth is required, and a third J 
templet cut to an arc of the intended generating 
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rcle of the epicycloiil. Fix a ateel tracing poir 
in tbe ec\g<i of the templet C, aod for conven 
tice a board F on which to draw the tooth, ma 
e fixed beneath the templet B. Mark oil' on th 
Kinl P (fig- 96) the pitch circle of the wheel d * 
1(1 Like distances ab.bc equal to the pJU'h o 
le toL-th, and distances g a', b b' equal to tl 
hiokness of the teeth. If then the templet c b 

Fig, K. 
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i 




i 


laced touching B, and with the tracing point 
oinciding with one of the marka aa a, and b 
■olied toward b, the point will trace out an epicjr 
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doid ap on the board F, which will fimn me btt 
»f the tooth. Next let the point p be made ti 
coincide with a', and the templet C be rolled towuA 
D, the other face of the tooth will be described. 

To draw the flanks, the templet a most now be 
fixed on the board F, with its face in contact with 
» ; remove B and deacribe hypocycloids (fig. 97) 
from a and a', by rolling o on the inside of the 
pitch circle. 

The length of the teeth is osually fixed as a 
proportional part of the pitch, but the least neces- 
sary length may be fuund experimentally by 
replacing the templet b on the board f, and 
making p coini;iile with a, roll c toward E till it 
touches B ill b, the correspondiug face of the next 
tooth ; mark then the position of the tracing point 
and through this point draw an arc from the 
centre g of the wheel : this arc will mark the ex- 
tremity of the tooth, and the are g p will be tha 
true radius of the wheel. 

This process, which, though complicated in 
description, is very easy in practice, must be 
repeated with two templets cut to the pitch circle 
of the pinion, the same generating circle c being 
employed ; a similar pattern tooth will thus be 
found for the pinion, which will work with that 
already found for the wheel. The usual custom 
in practiue is for the millwright first to descrilja 
the epicycloidal and hypocycloidal forms of the 
teeth required in the wheel and pinion ; he then 
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constructs two model teeth, one for the wheel and 
the other for the pinion, and firom these he deter- 
mines the true curves, and by means of his com- 
passes transfers the same to the wheels or patterns 
on which these forms are to be impressed. The 
generating circle, it may be observed, must not 
exceed in size the radius of the pinion, or it 
would give rise to a weak form of tooth, thinner 
at the root than at the pitch circle. 

Second method, where two generating circles are 
employed, in order that the flanks of the teeth 
may be straight lines radii of the wheel and 
pinion respectively. 

It is the usual practice of millwrights to make 
the parts of the teeth of wheels within the pitch 
circles radii of the wheel.. Now, we have seen 
that a hypocycloid described by a generating 
circle equal in diameter to the radius of the 
wheel would be a diameter of the wheel. If, 
therefore, the flank of the tooth of the wheel and 
the face of the tooth of the pinion be described 
by a templet cut to a radius equal to half that of 
the wheel and the flank of the tooth of the pinion 
and face of that of the wheel be described by a 
templet cut to a radius equal to half that of the 
pinion, then these teeth will work together truly, 
and will have radial flanks. 

Since it is unnecessary to describe the flanks of 

such teeth 'by templets, there will be needed only 

one templet cut to the pitch circle of each wheel, 
12 




piiA orIb of Ae vked RdoK Ike |wtB «AUb 
llK|«ckdRle «r As iJMui.M J Aasew^nit 
ifepiickcadBar Ae fHiia oa AaMntUalSo 
pilA cuefe irf" Ae whed. 

HcMie Ptafenor WiDk hw been led to s^geat 
Ikoft tar a gms act of wheels m «oiMtBBt geoerat- 
i^ aide Aoald be taken lo deaeribe both tbe 
parts witbool and within tbe pitch circles of tlie 
whole series instead of making that dircle depend 
on the diameters of the wheeU. In this case the 
firat solatioD muA he employed, and the flanks 
of the teeth will not be straight; bat the great 
advantage is gained, that any pair of wheels in 
tlie series will work together equally well. 

To determine the proper size of the generating 
oirule, we must remember that a tooth of weak 
form is produced when the generating circle is 
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than half the diameter of the wheel, 
fiencs the generating circle may be best made of 
a diameter equal to the radius of the smallest 
pinion of the series which are to work togetlier. 

The Rack is the extreme case of a wheel, or 
may be considered as a wheel of infinite radius. 
It may be described by either of the methoHs 
above, only noting that, if the second method be 
employed, the generating circle which traces the 
face of the teeth of the wheel becomes a straight 
line, and the epicycloid becomes an involute. 

If the teeth of a series of wheels and of a rack 
be described by the same generating circle, any 
of the wheels will work with equal accuracy into 
the rack. 

Invohde Teeth. 
The Involute. — The curve traced by a flexible 
line unwinding from the circumference of a circle, 
is called an involute. 

Let p and w (fig, 98) be the pitch lines of a 
wheel and pinion, and let a and B be their centres. 
From A and B describe two circles D and c, with 
radii a b and e 6 of the wheel and pinion rcsjiec- 
lively ; so that 

Ac : Be :: A D : BC 
Let wi H and op be two involute curves descnbeil 
by flexible lines unrolling from the cimlea D and i 
respectively, and touching at b. Then if 6 c, & D I 
awQ tangents to the circles at the points D J 
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^rncted with teeth formed to these involute 
currea, they will work with perfect regularity of 
motion. 

In practice, the chief condition to be observed 
is to diminish the pressure on the axes, which is 
the chief defect of this form of teeth. The com 
men tangent should be drawn through c, making 
an angle with A B, not deviating more than 20" 
frona a right angle. Involute wheels have the 
double advantage that they work equally well iF, 
through the wear of the brasses, the wheels have 
receded from one another; and any involute 
wheels of the same pitch and similarly described 
— that ia, having the common tangent to the base 
circles passing through the point of contact of 
the pitch lines ; or, in other words, base circles 
proportional to the primitive radii — will work 
together. 

Mr. Hawkins, the translator of Camiis, first 
proposed a simple instrument for describing the 
teeth of wheels to an involute curve. It conaiata 
of a straight piece of watch-spring a b (fig. 9^\ 
with a screw at one end, and filed away at the 
edges so as to leave two teeth or tracers, c c, pro- 
jecting from the edges of the watch-spring. At 
h a bit of wire is put through, and riveted, so as 
to form a knot by which the spring can be firmly 
held and stretched, as it is unwound from the base 
on which the involute is generated. This watch- 
Bprvng is screwed to the edge of a templet A, 
12* 
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>liit«; nnil this being placed so that its Mntn 
(inoidca wilh tbe centre of the wbed, and re 
jIvuJ to bring one of tbe tracing ptwuts c i 
cceBsion to eaeb of tbe points at whicb correa 
jndiug faces of tbe teeth cut the pitch line. 

Fir*. 

ricB of involute curves may be describe'] b 
ifoliliiig tbe watoh-epring, whilst keeping 
rmly strotcbeii tnngentially to tbe sector to wbic 
ia flxetl. Tiie sector A must tben be turnei 
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ver, and tlie involutes of tbe opposite faces o 

tooth struck in a similar manner. 

Another plan ia to employ a straight ruler in 

ead t>f tbo watch-spring, a trncer being fixed i 
a edge. This shows that tbu involute ia an e]) 
yoloid goncrnted by a straight line. The rule 

list bo kept in contaut with the base circle, an 
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the tracer brought in succession to all the points 
in which the &ces of the teeth cut the pitch line. 

Hence, to describe a wheel with involute teeth, 
the line of centres must be be drawn and divided 
proportionally to the number of teeth in the wheel 
and pinion. Draw the pitch line; divide the 
pitch line into the same number of equal parts as 
there are teeth in the wheel, and at these points 
mark out the thicknesses of the teeth all round. 
Draw the tangent to the base circles, making an 
angle of about 80° with the line of centras, which 
will give the radius of the base circle drawn 
touching it. A templet must be made to this 
ludius, and then the involutes may be drawn by 
either of the preceding methods. 

Allowance must be made to permit free play o 
the teeth in the spaces, the teeth being somewhat 
shorter than the distance between the bases of the 
involutes. But wheels of this figure require but 
little play in the engagement. 

In the case of racks, the rack-teeth are bounded 
by straight lines perpendicular to the tangent 
drawn from the point where the pitch lines touch, 
to the base circle from vrhich the involutes of the 
wheel are struck. If the teeth of the rack be 
made rectangular — that is, bounded by lines per- 
pendicular to the pitch line — the involute must be 
struck from a base circle equal to the pitch circle 
of the wheel. In the former case there is a down- 
ward pressure on the rack ; in the latter, the teeth 
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of the wlieel touch those of the rack in a single 
point — namely, the pitch line of the latter. 

Professor Willis's Method of Striking the Teeth of 
Wheels. 

In practice, the custom of describing the teeth 
of wheels as arcs of circles, haa, from its simplic- 
ity, been generally adopted. The methods already 
given, however simple, when adopted in the form- 
ation of a single tooth, become tedious in their 
application to wheels of large size; and to this 
must be added the imperfect comprehension of 
their advantages by the millwrights charged with 
the task of designing wheel patterns. 

Circular ares struck at random, according to the 
judgment of the millwright, are often employed; 
and even where better principles have been intro- 
duced, it is common, after describing a single 
tooth accurately, to find by trial a circular arc 
nearly corresponding with its curve, and to em- 
ploy this in marking out tlie coga of tho required 
wheel. 

Seeing the advantages of the circular arc, and 
believing that it is not objectionable if only tbe 
employment of it ia guided by true principle^ 
Professor Willis has rendered this great service 
to practical mechanics — he has shown how, by a 
simple construction, the arcs of circles may bo 
found, which, used in the construction of the teeth 
of wheels, will work truly on each other. 




1 


WHEELS AND PDLLETa. 141 

Let A B (fig. 100) be the centres of a wheel anc 
sinion, and c the point of contact of the pitcl 
circles on the line of centres. Through c draw 
ccc' at any angle with A B. Assume c as tht 
centre from which to describe an arc for a tootb 
of the wheel A. Draw c D perpendicular to c c c 
and from A through c draw A c D, meeting c i> in 

Fig. 100. 

D. Lastly, from D through B draw D B c/meeting 
cc' in c'. Then a small are drawn from c with 
radius c C as a tooth Cor the wheel A, will work 
Mrrectly witii n small jiru drawn from c', wit.h a 
adius c' c as a toutli fur the wheel B.* 

Profassor Willis ri.'coinmends 75° 30' as the 
seat magnitude of the angle a c c, so that Cos. 75° 
0' = i. If this angle be oonstant in a set of 
wheels, any two will work truly together. 
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• WilllB'B "PriucipleB of Meohaiiiam," p. 123. 
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For the easier description of these teeth, Pro- 
fessor Willis has invented the odontograph, a 
simple instrument of graduated card or wood, by 
which the position of the centres and radii of the 
arcs of the teeth can very easily be found. This 
instrument* is of the form shown in fig. 101, of 
half its proper lineal dimensions. It has the bot- 
tom edge bevelled oft* at an angle of 75°. The 
point where this would cut the right-hand edge is 
the zero of the scales. These scales are graduated 
to twentieths of an inch, to avoid fractional parts 
in the tables, and depart in each direction from 
the zero, the upper being that employed in find- 
ing the centres of the flanks of the teeth or parts 
within the pitch circle, and the lower for finding 
the centres of the faces of the teeth or parts with- 
out the pitch circle. Tables are given on tlie 
odontograph for finding the graduation on the 
scale corresponding to any given pitch and num- 
ber of teeth. For intermediate pitches, not given 
in the table, or for wheels of greater size, the cor- 
responding numbers can be found by simple pro- 
portion. For wheels of only twelve teeth the 
flanks are straight, and form parts of radii of the 
pitch circle. 

In fig. 102, let A be the centre of a wheel, Kdh 
the pitch line. Set oflf K L equal to the pitch, and 



^Professor WiUis's Odontograph may be obtained of 
Messrs. Holtzapfel of London. 
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fniiii tlie Bcale of centres f'tr the flanks of teeth. 
Tlion Mniove iho odontograph, and similarly pi 
it on till' railiitH A h. Find in the table of centres J 
fitr llio faccH of ttio twth the number correspc 
iny lo tlio pituh iiml number of teeth in the wheel, ] 
Will mark it off at/, on the seale for centres of thoi 
RiUOB of teeth. Then describe two area from A 1 
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wid / with h d and f d as radii ; these will form 
the Bide of a. tooth. Then, from d let the pitch 
line be marked off into as many equal spaces as 
there are teeth in the wheel, and these.be divided 
proportionally to the widths of the teeth and 
spaces. Through h and/, with radii A k and a/. 
draw circles. Take A tf aa a radius, and, placing 
one foot of the compass on the divisions of the 
pitch line, and tlie other in the circle drawn 
through h, describe a aeries of arcs forming the 
flanks of the teeth. Similarly with radius f d, 
and one leg of the compass on the circle drawn 
through _/^ describe the faces of the teeth. 
■ For an annular, wheel the same rules apply, 
only that the part of the curve which is f;ice in a 
spur wheel becomes the flank in an annular wheel, 
»nd vice versa. For a rack, the pitch line ia 
Straight, and a e, a l are parallel and perpen- 
dicular to it, at a distance equal to the pitch. 

Aa these odontographs may be purchased in a 
very convenient form, with tables for their use, 
and al.so with tables of the widths of teeth, and 
gpacee and length of teetb within and without the 
pitch circle, it is not necessary to describe them 
in further detail here. 

Grneral Form end Proportions of Teeth of WheeU. 

The following have been drawn as a .scries of 

wheels and racks to illustrate the general I'orm of 

\ teeth of wheels. The pitch in figs. 103, iOl 
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1C5, and 106 is one incli, and that in lig. 107 it 
2 1 inches. 

In figs. 103, 104, 105, and 106 the wheel ia 19- 
inchus diameter; in fig, 107 it is 13 feet diameterj 

Fig. 103 represents the form of the teeth oitl 
Professor Willid's system, the curves being arcs of i 
uireles. Fig. 104 gives the form of epicyvloida] 
teeth, struck by a .litigle generating circle rotlej 
withunt the pitch cirele for the faces, and withia 
it for the flanks. Tiii.'j is the best system, as any 
pair of wheels ho strack, with the same generation 
circle, and of equal pitch, will work together. Fig' 
105 sliows the common form of epicycloids] teetbj 
the flanks being str.'\ight. In this case the fee 
the rack are struck by a genernting circle half* 
the diameter of tlie wheel, and the faces of tbs 
wheel, I>eing obtained by a generating circle oS' 
infinite diameter or straight line, become invo- 
lutes. Fig. 106 gives the form of teeth desoribecti 
as invdhites, the curve being continuous, «nd, ia- 
the case of the rack, a stroiglit lino peri>endicuiar 
to the Ukngent to the base circle. In these teeth 
it is possible to work with very little play. ThejT 
are a good fonn for wheel and rack working tot 
gether, the pressure on the journals being, in tliiirf 
case, loss objectionable. Fig. 107 shows the teetb 
of a large wlioel, traced from one of my own pat. 
terns, to oxhihil the form and proportion wbidi 
practicu has sliown to be desirable. 

Id iheue tocth the pitch c d being 2J inches, ths 
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depth of the loolUordidtaiiceafi ia ythsor jlhso* 
the pitch. The proportions of the parts may l* 
fiven aa follows: — 
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Taking tliese proportions we may oonstruut a 
scale which shall give directly the corresponding 
numbers for any pitch. Taking a vertical line, 
and dividing it into eighths of an inch, we get the 
scale of pitches, {flg. 108.) Draw lines perpendic- 
ular to this, iind on any one of them mark off a' 
series of distances equal to the clearance, depth, 
thickness, etc., of the teeth corresponding to that 
pitch. Through o and these points draw the lines 
shown in the figure; they will divide the lines 
corresponding to all other pitches in tiie same 
proportion. 

It is usual to allow a greater amount of clear- 
ance in small wheels than ia necessary in large 
ones. Very varying proportiona have been given 
by different millwrights, j^'oth, j'^th. I'jth, and a'o'^'' 
of the pitch having been used in different circum- 
stances, even with the best mill-work. In the 
scale (6g. 108,) this has to a certain extent been 
taken into au-cmnt; I'nth of the pitch is allowed 
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m smaller wheels, decreasing to ^ftth in ibe 
largest; hence the lines are not absolutely 
straight, but are slightly curved, except that for 
the whole depth of the tooth, which quantity has 
been assumed to vary directly as the pitch. 

AHHuming that this scale represents with suffi 
cient accuracy the proportions which practice 
shows to be best in average cases, we may 
construct a table for the guidance of the mill- 
wright. From this he must vary in cases where 

TaHI.KH ok rKoroKTIC»N« OK TkKTII ok WllRKIil FOR AVKB 



Pitch. 



* 
I 

u 
n 

2 

2; 

2| 

3 
3^ 

'M 

*^\ 

4 

^ 

5 

H 
c 



CloMr- 

aimI 


Di^plh 
Dllrti 

illlA. 


•00 


•16 


•«H 


•25 


^10 


•335 


•J2 


•42 


•i:{ 


•51 


•14 


•00 


•10 


•0H5 


•17 


•775 


•19 


•80 


•20 


•95 


•22 


104 


•23 


1-13 


•25 


1215 


•26 


1 ^305 


•28 


1-39 


•31 


1 -505 


•34 


P745 


•37 


1 -925 



40 



210 



WiCtlitt 

ulMh 



•22 
•33 
•435 
•54 
•04 
•74 
•845 
•945 
1 •05 
115 
1-20 
1 -30 
1405 
1 -505 
107 

1 ^875 

2 085 
2^295 
2-50 
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dopfli. 



•32 

•50 

•07 

•84 

102 

1 20 

1 37 

1 55 
172 
190 

2 08 
2^20 
2-43 
2'0l 
2^78 
313 
349 
3-85 
4-20 
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d««pCb. 



•38 

•58 

•77 

•96 

lift 



Tliiek' 

IHWN of 

toucb. 



1 
1 
I 
1 



u 

•53 
72 
•91 
2 10 
230 
2-49 
2^08 
2-87 
306 
344 
383 
4^21 
460 



'22 

•33 

•45 

'56 

•08 

•80 

•92 

104 

lift 

127 

1-30 



widcb 
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* I 



1 
1 
1 
1 



51 
62 
74 
86 
2*09 
2'33 
2*66 
2*80 






•28 

•42 

•55 

•09 

•82 

•95 

I 08 

I-Jl 

1 -35 

147 

101 

1-74 

1-88 

201 

214 

244) 

26; 

2'»3 
3-20 
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^t appears necessary to allow more for defects of 
~Workinanahip, or to permit lesa " backlash ;"* it 
Vwing understood that the table will only apply in 
«^ases where the teeth are formed with an approxi- 
mation to the true mathematical figure. 

Ill wood and iron gear where the teeth are care- 
fully cut, very little if any clearance is necessary, 
as they work much better when the tooth of eauh 
wheel fills their allotted spaces. It ia, however^ 
different where wheels have to gear together di- 
rw!t from the foniidry, where the teeth are nut 
iinfrequcntly dcraiigetl in the aet of moulding in 
tlie sand. 

Tiiin tiihle gives the numlwr to the nearest hun- 
ilreiltli of an inch, it may be converted into the 
orilinary scale of eights by the following table : — ■ 






As, unfortunately, decimal scales are not yet 
much used by millwrights, the following table has 
been preparefl, giving the numbers in tlie preced- 
ing table in thirty seconds of an inch, sutih ehiingea 



1 for reaction od the baci af tha 
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being tnndc as will reduce as much as possi 
errors of employing this rough standard 
former table is to be preferred where it 
iis«jd, but in other cases the following one 
relied on. The left-hand figures in each 
arc inches, the right-hand ones thirty seo 
Hii inch, the denominators of the fractio] 
omitted. 



Tahi.k Giving thk Proportions of Tekth of 
IN Inciiks and Tiiikty Skc'onds op an Ik< 
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wheel and pinion are inclined. It was sliowii 
the prelimiaary chapter* that in this case raoti 
migtit be tranitmitted b; the rolling contact of tb« 
frastra of two cones. If) therefore, teeth be sp- 
plifKl to tbe.'^e fruatra, in the same maQner as in 
Hpiir glaring, tliey are attached to cylindrical sor- 
favea, Wvel gearing will be formed acting cm tba 
name |)rinciple3 of eliding contact which we bava 
already discussed. 

Ixit A B c", A c D (fig. 109) be two cones rolling 
in contact ; take any other cone a E c also rolling 
ill uotititct with A B c, in the line a c. As these 
cone* roll Ujgelher, the generating cone A K c will 
doHcribe nn epicycloiJal flurtace p qrs on the oat- 
nidu of the cone A C D, and a hypocycloidal stir- 
finio p t V t on the inside of the cone a c d. 
'I'huHti Miirfaces will touch in the line j> s, and will 
liavo a [ilane normal to their common tangent 
|iiiwting through A C. If, therefore, these surfaces 
bo utlfttihud roBpoctivaly to the cones a b c, a c u, 
mid the motion of one cone be communicated to 
tlia otiior through the sliding contact of these sur- 
fuouH, tho motion will he uniform, as if the cones 
were driven by rolling contact at A c. 

Tho curves p t, p q, lie in reality on the surface 
of a sphere of a radius equal to A c ; but in prac- 
tiuo, in bovel wheels, a small frustrum of a cone^ 
tunguntiul to the sphere at the circumference of 
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*he pitch line, is substituted for the spherical seg- 
ment. Thus dn*w F c o (fig. 109) perpendicular 
^o A C, cutting the axes of the cones in F and o. 
liet these lines revolve over the pitch lines of the 
<iones and describe the narrow frustra. Then the 
^picjcloidal surfaces may, without sensible error, 
l>e supposed to lie in these frustra, and to be gen- 
erated there by the revolution of a generating 
circle c B. 

Imagine the surface of these frustra to be un- 
>?rrapped so as to lie in one plane, they will form 
parts of circular annuli. Thus let A B c, A c D 
(fig. 110), be two conical frustra; draw F G as 
before, perpendicular to the line of contact a c. 
From O, with radii G h, g c, and g k, describe the 
circles K L, C M, H N; and from F, with radii F K, 
P 0, F H, describe similar circles K P, c Q, H R • 
then the surfaces K P R ii and K L N H will be de- 
velopements of the frustra c D, c b. Let these be 
treated as spur wheels, and c Q. c M being treated 
as the pitch lines, let teeth be described by a de- 
scribing circle in the method already explained 
for epicycloidal or other teeth. If, then, tlie plane 
on which these have been described, and which 
we suppose of drawing paper or other flexible 
material, be cut along the arcs K P, H r, K L, H N, 
the circular annuli may be wrapped round the 
frustra c B, c D, and the forms of the teeth traced 
off upon them. 
The axes of bevel wheels are in practice, in 




the great generality of cases, at right angles. 
Pi}!. 110 shows such a pair of bevels, with tlie 
fr'istrii of the extremity of the teeth developed iu 
the manner described. 



Sk^w Bevels. 

Wticn two axes or whafts, which have to be 

cuimcuUHl by bevel wheels, <lo not meet in diroc- 




with two frustra. But the same object can more 
easily be accomplished by adopting skew bevels. 

Let Bpq (fig. Ill) be the place of one of the 
two frustra, a its centre, and a e the shortest dis- 
liince between the axis of up q, and the axis of 
the wheel to be connected with it, Dividi- a e in 
c, BO that ac : ee :: mean radius of A B c : mean 
radius of frustrum working with A B c. Dniw 
cpq perpendicular to a e, then c p nr c 1/ i^ llie 
line of action of the teeth, according to the di- 
rection in which the teeth are laid out in the 
pinion. 

Figure 112 shows two wheels laid out in this 
manner; a e, as before, is the eecentriciiy or 
nhortest distance between the two sliafts. and is 
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c?y = c e, tlieu d will be the centre of the other 
wheel. From centru d, with radiu8/<i,descrilje a 
circle. Then the directions of all the teeth in 
ABC will be tangents to the circle deauribeii 
sibout a, and the dircctiong of all the teeth in 
D K p will be tangents to the circle descritW 
about y. Fig, 113 shows two such wheels in 
gear, the eccentricity permitting the Bhafls to pa^s 
each other. 




? this contrivance the motion of a screw ia 
"^ommiiniuated with great amoothnesa to oblique 
teetli on a spur wheel. 

The section of a screw through its axi.s is pre- 
cisely similar to that of a double rack. Let a b 
be SHoh a section, and for simplicity suppose tlutt 
the form of the tlirii;u!.-i of tli screw Iilis beoii Je- 
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tlwMs 'rf eh» r»rks, 311^ she aeerioow of tlw lltra*^ 
(4 Km Mr^-'W NiU appear lo travel ^xn rod lu 
(Wl, in tWe iwnw far *» » "** poshw! f.>rwar>l 
Ifi tliB Mime (HfTOtiofi. If, th«T*>re. it is saffi- 
n\mt% thflt the wWel Iw^h be in coniact with the 
Mif'W Mt ofi'! (Npiiit only, the teeth of the wlieul 
\n\\<t \m mw\n (diliqiiB, l>ut straij^ht, tlii; obliquity 



\w\\\% t'r|iml to lli« pitch of the 
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entire breadth of the tooth, tlie outline of the 
tooth must vary in every section of the wheel, 
and the process of describing these teeth becomea 
■very complex. Practically, the difficulty haa 
been overcome by first making a pattern screw of 
steel, notched in the threads to convert it into a. 
cutting instrument. Tlie wheel is then roughly 
«ut out, and being fixed in a frame, the aerew ia 
■used to cut out the spaces between the teeth to 
their true form. 

Sirengih of the Teeth of Wheeb. 

The pressure on the teeth varies directly as the 
liorse-power transmitted and inversely as the 
Telocity of revolution. Thusifone wheel Iran.smit 
fi horse-power and another 10 horse-power at the 
«arae velocity, the strain on the latter will be 
twice that on the former. Or. again, if two 
■wheels transmit the same power, but one at a 
"Velocity of 100 I'eet per minute, and the other at 
only 25 feet per minute, the strain nn the for-ner 
will be only one-fourth that on the latter. 

Let V be the velocity in feet per second, H the 
number of horsc-pnwer transmitted, then thi/ 
total pressure on the wheels will be — 
560 H 

V 

where P is the statical pressure in lbs. 
For example, suppose the fly-wheel of an en 
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gine to be 21 feet in diameter, and to work into » 
pinion 5 feet diameter. And let the work trans- 
mitted be 150 borse-power. Then, if the whee*' 1 
makes 25 revolutions per minute, the periphery 1 

, . Joi X 25 

will move at a velocity ot - 



m 



: 31-1 feet ] 
isure on the teeth 



per second; and the statical f 
^Ilbe555_?j2? = 2627 lbs. 

In ad<litit»ii to statical pressure, however, a dif- 
ferent element has to be taken into account, name- 
ly, the impacts due to sudden accelerations or re- 
tardations of speed. The allowance which must 
be made to prevent accident from this cauas 
varies exceedingly in different kinds of ma- 
chinery. It is great in the gearing of rolling 
mills for instance, and in all machinery in which 
the strains are irregular. 

In calculating the strength of the tooth, it has 
been usual to consider I't 
as a short beam fixed at 
one end, and having the 
whole of the pressure ap- 
plied along the e.Ktremity 
of the toi.th. But there i.-; 
a position in which tlni 
teeth may be subjected to 
ft severer stress still ; ow- 
ing to the wear of brasses 
»n'l teeth, we cannot calculate upon the strain 1 
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l>earing always on the whole breadth of the tooth. 
TVie pressure may not only come on to the extre- 
mity of a tooth, but if any obstruction come in 
V>t5tween the teeth, it may be thrown entirely upon 
«>ne corner of the tooth. In such a case it may 
be shown, by the rules of maxima and minima, 
tbat if E C = B, the greatest stress will be near 
the line E B. 

Tredgold has expressed the strength of a tootb 
on this supposition by the formula 

o 

where d is the thickness of the tooth. To allow 
for wear, however, he adds one-third, so that 

o 11.25 

In cast-iron/ =15,300, .aiul licnoo 

^ 1500 

Or in words, the thickness necessary for the tooth 
in inches is equal to the square root of the stress 
i)n the tooth in pounds divided by 1500. Hence 
Tredgold has computed the following table, the 
breadths of the teeth being deduced, on the prin- 
ciple that the stress should not exceed 400 lbs, 
per inch breadth: — 




4m 


0^ 


sat 


«3 


IJM 


«• 


urn 


1-03 


zm» 


lis 


2.W0 


1-JS 


2.800 


|-3fi 


3.-M0 


146 


3.«00 


1-56 


4.iin0 


1S4 


4.400 


1-70 


4.800 


i-;8 


ft.200 


1-86 


S.flOO 


1-33 


6.00U 


2-00 



To line tliiB table whea the horses' power trans- 
iiiittud hy the wheel are known, the reader must 
rofer to the table on page 172. 

KlMDwImre Treilgold has given a rule of the io\- 

lowingihiMiiription: — 

d= i - fur caat-iron, 

whuru (/ itt tha requisite thickness of a faxith to 
IrikiiMinit a force of li horses at a velocity v feet 
|ioi' K(3i:iiiiil. 

Ileum! 'I'redgold's Inst rule for the thi<:knes3 of 
L'lul-iroii teeth is as follows — " Find the number 
uf boruun' power transmitted by the wheel, and 
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divide that nnmber by the velocity in feet per 
second of the pitch line of the pinion or wheel; 
extract the square root of the quotient, and three 
fourths of this root will be the least thickness of 
cast-iron teeth for the wheel or pinion." Prom 
this he derives a second rule for the pitch, which 
manifestly depends on the thickness of the tooth, 
namely, multiply the thickness of the tooth by 2'1 
and the product will be the pitch. The same re- 
sult may be obtained from inspection of the tables 
I have given at pages 154, 156. Wooden teeth 
he recommends to be made of twice the thickness 
of cast-iron ones. But one-and-a-half times the 
thickness is a sufficient allowance. 

A writer in the " Engineer and Machinists' As- 
sistant " deduces another but equally simple rule 
for the thickness of teeth ; he assumes the rela- 
tion 

t = C\/W] 

where t is the thickness of the tooth, w the pres- 
sure on the tooth and c a constant, depending on 
the nature of the material. Let then a be the 
strength of a bar 1 inch long, 1 broad, and 1 thick. 
Then, to support a weight w by a bar of a length 
I, and breadth b, 

^a X b 

suppose the breadth of the tooth to be fixed al 

twice its length ; 
15 



imi|iiif» of 1 



Ibi^bat as Ais is ibe braakiiig vei^ the eaSa 
wofking- p c easBfe viU be oolr 1600 It», and tbs 
tbielcaesi of the tooth. &ir safe wiwkiiig win lie for 



^1600 

Where vr being given in lbs. t is fonnd in inches, 
^miiarly fof other materials beobtains 

c r= -OSS for brass, 
= -03S for hard wood. 

For example, in the wheel assumed at p. 16^ 
W was fouDd to be 2627 Iba, Hence the necessary 
thickness of the tooth, if of cast-iron, would be 
■025 ^2^27 = 1-28 inches. Beferring to the tables 
of the relation of pitch, etc^ we find that the wheel 
must be of 2f inches pitch, the teeth of 2"1 inches 
length, and the breadth of the wheel 2'1 X 2 = 4-2 
inches at tlio least. By Tredgold's latter rule, the 
thickness of the teeth for the same wheel would 



. =1-41 inches: the pitch 



= 21 



: 1-41 = 3-0 inches, and the breadth 



= 6} inches. 
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550 H 
Bearing in mind that w = , where H is the 

*^cuximum horse-power transmitted, and v the velo- 
^^ity of the pitch line of the wheel in feet per se- 
^^ond, we may give these formnbe in a more 
^^nvenient form : 



= «j!. 

^V 



Where x = 0-587 for cast-iron, 
" = 0-821 for brass, 
« = 0-891 for wood. 

Conversely, if a wheel having teeth t inches 

thick be given, the horse power it is capable of 

transmitting is given by the formula : 

Where a? = 0-344 for cast-iron, 
" = 0-674 for brass, 
" = 0-795 for wood. 

From the following table the pressure at other 
Velocities, and with another amount of horse-power, 
tnay be obtained by interpolation, remembering 
that the pressure varies inversely as the former, 
and directly as the latter. To this we have ap- 
pended another table, giving the horses' power, 
which can be safely transmitted by wheels of dif- 
ferent pitches when proportioned according to the 
table at page 154. The last of these tables has 
been calculated on the assumption that 400 lbs. 
per inch is the greatest working stress which is 
consistent with durability in ordinary cases. 
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CHAPTER in. 

OK THE STBENOTH AND PROPORTIONS OF SHAFTi. 

The system of transmitting power from a com 
^^C>n centre to a large number of machines, at 
^^me distance, is comparatively modern. In the 
^'perations of spinning and weaving by a consecu- 
tive series of machines, placed in rows, shafting 
*^ecame essential for distributing the power of the 
Common prime mover. At first, the machines 
"Were brought as close to the prime mover as pos- 
sible ; and the eariy construction of mills — when 
the water-power was divided into separate falls — 
must be fresh in the recollection of many persons 
now living. In some cases, before the introduc- 
tion of the steam engine, it was the custom to 
have a separate water-wheel to every machine, 
thus splitting up the power into as many parts as 
there were machines, or pairs of machines, to 
drive. In process of time, it was found more con- 
venient, on the score of economy, to husband the 
water and concentrate the prime movers; hence 
one large water-wheel w^s constructed, around 
which the machinery was arranged, either in rows 
or otherwise as best suited the work to be per 
formed. 

This principle, of the concentration of the mo 
tive power, destroyed the old system of separate 
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buildings, and led to the employment of a larga 
number of macbines for the various processea of 
manufacture in one building. From this we de- 
rive the Factory system, in which any number of 
processes are carried on, the machinery being dii 
tributed over the difEbrent floors of a large build- 
ing, and receiving motion from a single prime 
mover at a convenient distance. In this way, the 
power is conveyed by lines of shafting coupled 
together in lengths, adapted to the bays or divis- 
ions of the building. At first, the buildings wero 
short, and shafting of great length was not re- 
quired ; gradually, more and more machines were 
concentrated in the same building, and shafting of 
200 or 300 feet in length became necessary. To 
show to what an extent this system has been car- 
ried, it may be mentioned that, in the large mills at 
Saltaire, the shafting, if placed in a single lin£^ 
would extend for a distance of more than two 
miles. This progress has been chiefly due to the 
introduction of the steam engine, in place of water- 
wheels, because the available power is no longei 
limited by the circumstances of the locality ia' 
whiiib the mill is placed. 

This concentration of a great number of ma- 
chines in one building is peculiar to the Factory 
system ; and in the present highly -improved stat^ 
of mechanical science and its application to th( 
production of textile fabrics, it has become essen- 
tial to economy in the manufactaring proceat 
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that they should be carried on in the same build- 
ing. Spinners and manufacturers are fully aware 
of the advantages peculiar to this system of con- 
centration, so much so, that out of what would 
formerly have been considered a mere fractional 
saving, large profits and large fortunes are now 
made. In fact, the amalgamation of the different 
processes under one management and under one 
roof, gave rise to the shed system, where the 
operations of the manufacture of cotton are carried 
on under what is called the "sawtootK^ roof, in 
order to bring the whole on the ground-floor 
under one inspection. 

1. The Material of which Shafting is constructed. 

The selection of the material for shafting is of 
great importance, and the uses to which it is to b«> 
applied require careful consideration. Formerlj 
wood, with iron hoops and gudgeons, was univer- 
sally employed ; then cast-iron was introduced 
and subsequently wrought-iron has in most cases 
superseded both. Wood, indeed, has becomo 
obsolete ; but cast-iron is as good as, if not superior 
to, wrought-iron, in certain cases. The main and 
vertical shafts of a mill are generally of cast-iron, 
both on account of its cheapness, and its high re- 
sistance to torsion. The vertical shafts, which 
convey the power from the first motion wheels to 
the different rooms of the mill, are more rigid 
and less subject to vibration when of cast- iron ; 
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even the main horizontal shafting, when of large 
dirocnaiona, is, if aubstantially fixed, qaite as good, 
when of the same material, and much cheaper 
than wrought-iron. Where the shaft is exposed 
to impact, or any irregularity of force, wronght- 
iron has the superiority ; but in other cases, when 
the castings are sound and good, cast-iron may be 
employed with perfect safety. 

The dimensions required for a shaft, transmit- 
ting any given force, will depend on the resistance 
of the material of which it ia composed. Conse- 
quently, the selection of material must be deter- 
mined by the necessity for strength. Shafts may 
be considered as subject to two forces : a force 
producing simple flexure, arising from their owa 
weighl^ the weight of the wlieels and pulleys, and 
the strain of the helts ; and a twisting force or 
torsion, arising from the power transmitted. If 
the ilexure be great, the brasses wiR be much 
worn, vibration becomes considerable, and the 
disintegration of the machinery goes on in an 
accelerating ratio ; it ia therefore necessary to pro- 
portion shafting to the simple weight and direct 
transverse strain it has to sustain, so as to reduce 
the flexure within exceedingly narrow limits. 
In addition to this, the shafting, having to trans- 
mit a torsive force, must at least be capable of 
transmitting it without danger of rupture. In 
long and light shafting the tendency to flexure ia 
nsually greater than that to rupture by torsionj 
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the former consideration will therefore determine 
the size of the shaft. In short axles, etc., the dan- 
ger from flexure almost disappears, and the 
strength of the shaft is determined by its resist- 
ance to torsion only. In all cases both conditions 
must be complied with, if security and permanence 
are to be obtained. 

2. Transverse Strain. 

Resistance to rupture. The general formula for 
resistance to rupture, in the case of a bar or beam 
supported at each end and loaded in the centre, is 

adc 
w=-^...(l), 

where w is the load in the centre, a the area of a 
section of the bar, perpendicular to the length ; d 
the depth of the bar, and I its length. In this 
case c is derived from experiment, and is constant 
for similar bars or beams. 

For rectangular bars this formula becomes, 

w = -|- ...(2). 

where h is the breadth and d the depth. 

The value of c, for rectangular bars found by 
Mr. Barlow, for various materials, is given in the 
following table. In applying these numbers to 
calculations, it must be remembered that a and d 
are to be taken in inches, and I in feet ; then w 
the centre breaking-weight, is found in lbs. 



c. i^. %jgT ^: 



A^ IKI^^CIX 



'*" ^=!i "^-r T*iazi. ir szzooT^si n one end 







Fng*i=4i HiiiTtf^ae Irai.... .>. 2050 

•-.is;: It'jil 2^48 

C'ak 400 

CanainazL «I*ak 568 

A=n 675 

P:^:iL Pfufi 544 

Ee<i E*3ie 447 

£l2» Fir 376 

Mat FoR:$c Fir 415 

L«rdL 280 

la mv own exDeriments* I found the value of 
c for cast-iron to range fi^jm 1606 to 2615, the 
mean valae being about 2050, as given above for 
malleable iron. Wrought-iron ranges firom the 
value given above to 3000 lbs. 

For cylindrical shafts supported horizontally 

the ultimate resistance to rupture is about 

1600(?^ , . 

w •= ^ for wrought-iron, 

1200(f»^ 
= ^ — for cast-irou; 

where W is the centre-breaking weight in lbs., d 

♦ On the Application of Cast and Wrought-iron to Building 
Parposetf p. 74, et seq. 
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"^lae diameter, and I the length between supports 
ixi inches, the shaft being supported at the ends 
«i.iid loaded in the middle. 

If the cylindrical shaft be loaded at one end 
^nd supported at the other, these formulsd become 

375 rf« 
W = J — for wrought-iron, 

300 c? ^ 
= J for cast-iron. 

If a beam be uniformly loaded over its entire 
length it will sustain twice the load that would 
break it if placed at the centre. 

If the load be placed at any point intermediate 
between the centre and the ends, the breaking 
weight may be found by the following rule : — 
Divide four times the product of the distance in 
feet, of the weight from each bearing, by the 
whole distance in feet, and the quotient may be 
substituted for I in the -formulae above. That is, 
if X and y be its distances in feet from the two 
bearings respectively ; 

4:xy 

From these rules the strength of shafts may be 

calculated, in all the cases of ordinary practice, 

where the tendency to transverse fracture has to 

be guarded against, making the actual strength at 

least five to ten times the strain to be carried. 

In shafting, however, it is not usually the trans- 
16 
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Terse rapture, but the flexure produced by lateral 

stress, which timits the size of the Bhai^ ; — stiffnesa 

in fact becomes, in these cases, a more important 

element than strength. 

The following formula has been given for the 

Jeflection of bars or beams loaded at the centre 

and supported at the ends: — 

Let, d be the depth in inches ; 

b the breadth in inches ; 

L the length between supports in feet; 

w the load in lbs. ; 

a the deflection at the centre in inches; 

M the modulus of elasticity ; 

M 6 rf' a , .. , 

then ; — w := .»„ . ; and if o = a, — 



''=^ii^°"'=^^^ (*> 

Or, in words, multiply the product of the load 
in lbs., and the cube of the length in feet, by 432, 
and divide by the product of the modulus of elas- 
ticity and the deflection assumed in inches; the 
fourth root of the quotient will be the side of a 
shaft or square section which would deflect S 
inches with a weight of w lbs, placed at its 
centre.* 

" Engineer and Machinist's Astuilani, p. 135, from whioll 
formulDs (4), (5), («), to (11). and (33), in their present 
convenient form for praclical naa, have Ixsen quoted. Th6 
ftiiiduiieot«l formula, however, is due to Young (,NaL 
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The following table gives the values of the 
^^'^odulus of elasticity for various materials : — 

Hodnlw of dMtioitj Im Ita. 

Cast-iron 13,000,000 to 22,907,000 

« " mean 17,000,000 

Malleable iron. . .24,000,000 to 29,000,000 

Steel 29,000,000 to 42,000,000 

Brass 8,930,000 

Tin 4,608,000 

Ash 1,600,000 

Beech 1,353,600 

Bed pine, mean 1,700,000 

Spruce, mean 1,600,000 

Larch 900,000 to 1,360,000 

English oak. 1,200,000 to 1,750,000 

American oak 2,150,000 

For a cylindrical shaft, the same formula will 
»pply with another constant. I am not aware 
that this has been experimentally ascertained, but 
it is given by theory at 733. 4. Hence, for cylin- 
drical shafts, 

* = !!^orcf=;]!l^ (5). 

In the work just quoted, these formulas have 
been simplified, by fixing a maximum value for B, 
the deflection. The writer assumes that, with 
shafting, the deflection ought never to exceed f J^ 
of an inch for every foot length of the shaft. 
Substituting this value, and also the numerical 

PAiZos., yd. ii., art. 326), and to Tredgold (Strength of Cast- 
Iron, p. 208). 



.:&:- ^' ZK -^.^^'-gs of ^iasaeisy, lie obtaiiistb 

= 1^,000, 



fi being the depth of 



^ ^5- - (6). 
*.3"- -1-r -^.-^lii ^sfs. * beim: die diameter in 



;x*.'-ftft- 



i 5V ..•^..-•^-..airrac i = IS.i»0,000 lbs. 



K,t^ :>C :^'*f 5%?-r3:*Ti. 4? = ^,^ ... (S\ 






V « 
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For wood — 

Square section, l = J ^^^. ... (12). 



w = 



w 



Round section, l = J ^^^* ... (13). 

^ w 



20 (? 
w= — i- ...(14). 



For cast-iron — 

Square section, l = ^^ ... (15). 



412 # 
w= —-...(16). 



Round section, l=J?^'...(17). 



'^ w 

240 d' ,, ,, 
w= —-7-. ..(18). 



For wrought iron — 

Square section, l =J ...(19). 



w= ^...m 



Bound aection, h = J^^' ...(21), 

^ w 

w= — ^ ...(22). 
16* 



When the weight is uniformly distributed OTer 
the length of the shaft, the general formula is 



M i 



Substituting in thia equation the same values 
of M and J aa before, we obtain the followiug for- 
mulse : — 

For wood — d' = -^ for square shafts, 

d* = -g-;^ for round shafts. 



For wrought-iron d* = ^^ for square shafta. 



521 

The following tables for cast and wrought-iron 
round shafting, are calculated from the formuiro 
(9) and (11) for weights placed at the centre of a 
shaft supported at each end. In using them for 
cases in which the weight ia distributed j 
length, as in the case of the weight of the ahaft 
itself, it must be remembered that a distributed j 
weight produces |tha of the deflection of the Bame I 
weight placed at the centre. 
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From tlie forgoing it will be Been, that the 
Weights given in the tables are correct indications 
of the load reqnired in the centre to produce a 
deflection of the j^j, of the length of the shaft,* 
This fixation is not hoverer the universal stand- 
ard among millwrights; on the contrary, there 
appears to be no recognized standard in practice, 
by which the deflection from a given weight can 
be ascertained, and although yi^ij may, in many 
cases, give a larger area with inci'eased weight, in 
shafts that are not heavily loaded in the middle, 
nevertheless it is important that the shafts, when 
loaded as ahov^ should not bend more than j,Vd 
of their length. In cases where the load is light 
and equally distributed, lighter and smaller shafts 
would suMce. 

The following tables give the deflection of 
cylindrical shafls with their own weight : — 

Tablb 3. — Dbflbctiok arisino 7kom thb Wbiobt of tub 
Shaft. Cast-iron Cylindrical Shafts. 



LoDgth bstWHQ 


p..„.„„rs.,«,.i..«. 1 
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tn«. 
■001 
■017 
■085 
■267 
■C51 


1 

■000 
■004 
■021 
■067 
■163 


6 

■000 
■002 
■009 
■029 
■073 


8 

tDB. 

■000 
■001 

■oos 
■017 
■O-tl 


10 

■ooo 

«01 

■003 

■oil 

■036 


12 

IBI. 

000 
■001 
002 
007 
■01 S 


■000 
-000 
■002 
■005 
■013 


IS 

■000 

■001) 
■001 
■004 
010 


10 

15 
20 
23 


■004 
■067 
■338 
l^OGT 
2^(i03 



* ThiBaUndardis theoi 
•t Cut-lroQ, p. 210), 



iasBomed brTredgoldCBtnngth 



ISO UAcmssuY OF nussiosstoiT. 



T«iu 4 — DKnxcnow msixs rsox rss Wxraac or m 
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The above tables clearly indicate the deflection 
of shafts of different lengths by their own weight, 
and will be a guide to the millwright in calculat- 
ing the distance of the hearings between which 
they revolve. It is important in shafting, when 
extended in long ranges, that there should not be 
any sijriouB deflection, either from the weight of 
the shaft, or lateral stress ; I have always found 
that a stiff shaft, although heavier in itself, is 
lighter to retain in motion than a smaller one 
which bends to the strain, 

3, Thrsion. 
In addition to the lateral flexure from trans- 
verse forces, shafting is subjected to a wrenching 
cr twisting, from the power transmitted acting 
taagontially to its circumference. This eauaea 
one end of the shaft to revolve in relation to the 
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Other end, through a smaller or greater angles 
Iniown as the angle of torsion, and if sufficient 
force be applied, this angle increases till the 
resistance of the material is overcome, and the 
shaft gives way. 

Coulomb laid the basis of our knowledge of the 
resistance to torsion of cylindrical bodies, and he 
verified his theoretical deductions by admirably- 
contrived experiments, on a small scale. Ue 
showed that in wires where the diameter is small 
in relation to the length, the angles of torsion 
are in proportion to the length, and reciprocally 
proportional to the moment of inertia of the base 
of the cylinder in relation to its centre. He also 
discovered that each wire acquired a permanently 
acceleration-varying torsion, according to the de- 
gree in which it departed from its primitive posi- 
tion, and that these permanent torsions have no 
fixed relation to the temporary torsions, coexist- 
ing with the application of the moving force. 
With the same wire he found the torsion to be in 
proportion to the force applied; with the same 
length and force inversely as the fourth power ol 
the diameter. 

These deductions are expressed by the follow- 
ing formula :— 

2b wZ 

where 9 is the angle of torsion, r the radius, and I 
the length of the wire, B the leverage at which 



Mtt lUCHISBBT OF TRANSMISSIOX, 

tbe weight w acts, and a the modulus of torsion 
for the material ; being about f ths of the modolns 

of elasticity. 

In 1829 a paper was commuTiicated to the 
Boyal Society by Mr. Bevao, containing experi- 
mental determinations of the modulus of torsion 
for a large number of substances, of which tho 
most important are given below. 

Let s be the defiection of a prismatie ahafii of a 
given length I when strained by a given force w 
in lbs,, acting at right angles to the axes of the 
prism and at a leverage r;\etd be the side of the 
square section of the shaft, I, r, S, d being in iuchs. 

d'T 
where T is the modulus of elasticity in the follow- 
ing table. 

If the transverse section of the prism be a 
parallelogram, let b be the breadth and d tha 
depth, then Mr. Bevan gives the formula — 
_ {d + h)lr'w 
'~ 2bd'T 
If the torsion be required in degrees (a)^ then let 
p = 57-29678, 

a = „ , for square shafts. 
For example, 

A = for wrought-iron and steel, 
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= 16600* ^""^ cast-iron. 

A very careful experimental study of the effect 
of torsion on various materials has been made by 
Mr. M. G. Wertheira, and was presented to the 
Academic des Sciences in 1855. The general re- 
sults at which he has arrived may be stated as 
follows : — 

1. The total angle of torsion consists of two 
parts, of which one is purely temporary, whilst- 
the other persists after the force has ceased to act. 
It is not possible to assign the limit at which the 
permanent torsion begins to be sensible, nor has 
it any fixed relation to the temporary torsion ; it 
augments at first very slowly, afterward more 
rapidly, till the bar breaks.* 

* We have many practical instances of this tendency to 
mptnre which at first appear only temporary, but a con- 
tinuation of the same action, particularly in long ranges 
of shafts, in process of time, developes itself in the form of 
a permanent deterioration which ultimately leads to frac- 
ture. This was strikingly exemplified in a range of shafts, 
220 feet long, tapering from three Inches diameter at the 
driving end, to two inches diameter at the other. 

The work done by these shafts was uniform throughout, 
but it was soon found that the shaft had made nearly 1*16 
revolutions at the driven end of the room, before it began 
to move at the other. The result was a continued series 
of jerks or accelerated and retarded motion, injurious to 
the machinery, and destructive to the work it had to per 
form. It was, moreover, injurious to the shafts, particu- 
larly in the middle, where the twist was severely felt, and 

17 
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Tabli 5. — ^Values of Modulus op Tobsion acoobdin io 

Mb. Bet an. 





flo 

ity. 


Modttloaof 






Material. 


oc & 


tonioQ. 








(T;. 










lb«. 


- 




Ash 


— 


20,300 






Beech 




21,243 






Elm 


— 


13,500 






Scotch fir . 


— 


13,700 






Hornbeam 


•86 


26,400 






Ijarch 


•68 


18,967 




Knglish oak 


— 


20,000 




Mcmcl pine 


.— 


15,000 




American pine . 


— > 


14,750 


1 


Teak 


_— 


16,800 


Old and parti- 




— 




ally decayed. 1 


Teak, African . 


— 


27,300 


1 


Iron« English wrought 




1,775,000 


(Mean.) 1 
(Mean.! 


Steel 




1,753,000 


Iron (cylindrical) 


— 


1,910,000 


' 1 


ii «( 


— 


1,700,000 


1 


** (square) . 


— 


1,617,000 


1 


(i tt 


— 


1,667,000 


I 


i( (( 




1,951,000 


1 


Cast-iron . 


— 


940,000 




... 


— 


963,000 




... 




952,000 




• . • 


— . 


951,600 


(Mean.) 


Bell metal 


~~" 


818,000, 





2. The temporary angles are not rigorously pro- 
portional to the moments of the forces applied. 

8. The mean angles of torsion ara not rigorously 
proportional to the length of the bar, increasing, 

would hare led to rupture, but from the Gircumstano« 
that they had to be renewed with a stiffer and stronger 
range. 
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althougli very sliglilly, in proportion to the length, 

I as the bars are made sliorter. 

I 4. The interior cavity of all hollow homogene- 
ous bodies diminish by torsion, and this diminu- 

j tion is proportional to tlie length and to the sq[aare 

iof the angle of torsion for unity of length. 
5. For cylindrical bodies Mr. Wertheim gives 
*he following foTmul» : — 
Let f be the mean temporary angle of toreioD, 
I for 

p^=l kilogramme, and 
t 1^=1 metre; 

I " jp^ the sum* of the two weights producing 

I torsion and constituting a couple in 

^^^^ kilogrammes ; 

^^^L B ^ the leverage at which the weight p 



length of the bar subject to torsion, in 
miliim^treB ; 

the exterior radius of the section of 
the bar, in Millimetres ; 
the interior radius of hollow bars, in 
millimetres; 

the modulus of elasticity of the mate- 
rial obtained from experiments on 
tension. 



* In Ur. Wartheim's eiperiinenlB eqnal weiglits, aoUng , 
In opposite dirsatioiia at the sniiie leverags. were linngoi 
An eaeli side or the bar, subleetttd to loraiou. 
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Then for solid bara:^* 



and for hollow cylinders 

_ 16 180 ^ I 

* "" "3" ■ n' ■ E ■ J-_r' 

In the following experiments, ^ = 1 kilo 
gramme, H = 247-5 millinnetres, i ^= 1000 niilli 
mdtres. 
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uity, E. 


By formula. 




1 


Iron 


8'2a6 


n,805 


17 4G-1 


17 521 


v, 




5-5(11 




1 28 0-8 


1 26 31-3 


a 


Uast steel 


5'055 


19,f»42 


1 S3 120 


1 51 13-4 


4 


L'opper . 


5031 


9,395 


3 59 G91 


3 54 60 


t) 


Bliss . 


3-535 


e,200 


24 51 56-0 


24 15 34-7 


6 


Gliiaa . 


3-4225 




28 18 2-0 


2B 30 14-0 



The accordance, in these tables, between the 
formulue and the experiments is very Batisfactory, 
especially considering that the value of K cannot 
be determined with perfect accuracy. The errors 
do not generally exceed j'^th, and the observed 

* The above formnlffl la&j he naed with English meu 
nrHS, B being t&ken frota English tables, U p be given ta 
lbs. aad r, t, and b in inohes. 
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angled are smaller than those foond by calculation 
except in the case of the cylinders 9, 53, and 54. 

Bbbdmb op Gzpbbiiibktb or tbs Tobsiok of Kouxtw 

OvtilKDRItS OP GOPPIB. 
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11,525 


10.021 


10,917 


17 30-2 


20 0-6 


t,4 


7,082 


4,955 


10,444 


1 12 18 3 


1 16 52'9 


hn 


5,047 


30,315 


10.276 


4 9 40 


4 6 547 


1 


5,602 


24,665 


9,665 


2 37 40'4 


2 33 38-2 


^ 


4S,6l)5 


2,478 


9.855 


6 U 10-3 


6 53'8 


a 


36,955 




10,645 


15 9 14-4 
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For bars of elliptical section M. Wertheim haa 
deduced the formula 

~ 3 " «' ■ B ■ rfcj 
where Ci and c, are the two semiaxes of the ellipse, 
the other letters remaining as before. 
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For bars of rectangular section the fonniila)| 
comes 

_1S0 1 pR l{ a? + S*) 
^~^ ■ 2' T" ~^¥~^ 
But it is necessary to apply a coefficient of cor- 
rection c to the calculated angle such that if *' ba 
the calculated angle of torsion, and V the angle 

found by experiment, then c^ -^ . This coeffi- 



Thus when 1=500 millimetres, and the section 
was 36 milim^tres square. 



b ^ 

Value of coefficient 08971 0-9617 0-9520 0-9878 
It varies also with the ratio r and with the mo- 
ment of the couple^ R. 

For the ultimate resistance of cylindrical shafla 
to rupture by torsion, Professor W. J. M. Bankine 
gives the following formula:* 

Let I denote the length in inches of the lever, 
such as a crank, at the end of which a wrenching 
or twisting force is applied to an axle. Let W be 
the working load in pounds, muUiplied by a suit 

* UaDQd of Applied Meclianics, p, 355. Manasl •■ 
Bt«un Engine, p. ?&■ 
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able factor of safety (usually six); then 

is the wrenching moment in inch pounds. 
For a solid axle let A be its diameter ; then 

5-1 ^ / 

For a hollow axle let h^ be the external, and h, 
the internal diameter in inches ; then 

/(^-A:_/AJ / A{\ 
*~ 5-1 A, ~51 '\'-~hif 

^ ^ 51 M 

and hi 



f O'X M 



The values of the modulus of wrenching/ are— 

for cast-iron about 30000, 
for wrought-iron " 54000, 

and taking six as the factor of safety, if we put the 
working moment of torsion in the formulsD instead 
of the wrenching moment, we may put instead of/ 

for cast iron 5000, 

for wrought iron 9000. 

Hence we get for w, the working stress, with 

solid shafts, 

5000 A» 980 A» , 
Wi= g ^ , = J — for cast-iron ... (2.) 

9000 y 1765 A" , , . ._ 

= g,i , = — J — for wrougbt-iron..(3.) 

On this principle I have calculated the follow- 
ing tables (pages 200, 201,) giving the safe mo- 
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ment of torsion for cylindrical cast and wrought- 
iron shafts, and also the working stress to whioli 
they may be subjected at the circuraference of 
[)ullies or wheels of various diameters. Incaaefl 
where the horses' power transmitted by a shaft 
is given instead of the stress, the latter may be 
found by the table on page 172. 

The greatest angle of torsion, which it is safe to 
allow in a lino of shafting, is determined by tbB 
extension of the material within the elastic limits. 
If TjVo^'i "^f ^''^ length be assumed as the maxi- 
mum extension with the safe working load, thea 
the shaft must be so proportioned that the angle 
oftorsioQ is leas than that given bj the following 
formula : 

228iL ,,^ 

where L is the length of the shaft in feet, d its 
diameter in inches, and * the angle of torsion itt 
degrees. 

It is convenient to estimate the ultimate resist- 
ance of shaita to torsion, not only as a statical 
pressure acting at a leverage, but also in horses' 
power. Now the stress resulting from the trans- 
mission of power must evidently increase in pro- 
portion to the power, and decrease in proportion 
to the velocity. A shaft will transmit 100 horses' 
power at 80 revolutions a minute with no more 
Btrees than it would transmit 50 horses' power at 
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40 revolations, or 25 horses' power at 20 revolu- 
tions. Hence the torsion varies as -, where H i3 

R 

the number of horses' power per minute^ and R 
the number of revolutions per minute. 

Buchanan's rules for the power transmitted by 
shafts are :—^ 

For fly-wheel shafts 

For shafts of water-wheel gearing and other 
heavy work, 

<i== :;i { i X 200} 

For shafts of pipdinary mill gearing 

An ordinary allowance for wrought-iron 
shafting in practice is 

*=^{i^250} ... (5.) 

From the foregoing observations in regard to 
torsion, and the power of transmission of shafts 
at different velocities, it is a desideratum of much 
importance to the engineer, so to proportion shafts 
in relation to their lengths as well as velocities, 
as to be within the limits of sensible permanent 

* These rules vill be found in ibe second edition of B»* 
ebanan, at pages 328, et $eq. 
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torsion and flexure* and at the same time to in- 
crease the speeds ia & given ratio to the vdociues 
o( the machine and the nature of the work it has 
to execute. In the above disquisition we have 
only given the law and the safe measure of tor- 
sion as regards length and area, but much mast 
stilt depend on the calculation and judgment <it 
the millwright and engineer; in its application w 
the character of the work they have to perform, 
and the resistances they have to overcome. 

Fromformala (5.) the following table (page 205) 
has been calculated, giving the diameter necessary 
to transmit from 1 to 150 horses' power at from 
10 to 1000 revolntiona per minute. 

4. Velocity of Shafts. 
Aa the quahty of the material employed for 
the construction of shafts enters largely into the 
calculation of their strength, so also the velocity 
at which they revolve becomes an important 
element in the calculation of the work transmitted 
by them. In all cases where machinery has to 
be driven at a high speed, it is advantageous and 

* AHLoagh ws speak of the limits ot permanent toraioa, 
\re ara not prepared to fix these limits, as we find that 
wliat prodnoes a permanent aat in any material, however 
minute a fraotion it may be, will, in prooass of time, If oon- 
tluaud. Bad often repeated, lead to fracture. Ttiis law ap- 
plies to every daseription of strain or material, and w« 
may therefore ccineider that there are limits to eudoranos. 
It distant that may be. 
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MACHINERY OF TRANSMISSION. 

even eBsential to run the shafting at a proportion- 
ale velocity. If, for example, there are a aeries 
of machinea running at five hundred revolutions 
per minute, it will he advisable to run the ahafta 
at half that speed, by which means the following 
very important advantages will be gained. 

There will be a great saving in the weight of 
the shafts, for with a slow motion of fifty revulu- 
tions per minute, fully three times the weight 
would be necessary to transmit the same power. 
There would also be a saving in original cost in 
the power absorbed, and in maintenance. 

Shafts running at low velocities are cumber- 
Bome, heavy, and expensive to repair. They are 
costly in the first instance, and they block up the 
rooms of the mill with large drums and puUies, 
obstructing the light, which, in factories, is a con- 
sideration of very great importance. 

At the commencement of the present century, 
! mills were geared with ponderous shafts, such 
as those just described. They were generally 
of cast-iron, square, and badly coupled, and the 
power required to keep them in motion was in 
some cases almost equal to that required by the 
machinery they had to drive. In the present 
improved system, with light shafts accurately 
fitted and running at high velocities, the work 
which previously was absorbed in tranamiaaiwi iB 
now conveyed to the machinery of the mill, 
■ may safely ascribe my own success ii 
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and that of my friend and late partner, Mr. James 
Lillie, to the saving of power eflFected by increas- 
ing threefold the velocity of the shafting in mills 
more than forty years ago. The introduction of 
light iron shafting not only enabled the manufac- 
turer to effect a considerable saving in the origi- 
nal cost, but a still greater saving was effected in 
power, whilst it relieved the mills from the pon- 
derous wooden drums and heavy shafting then in 
use, and established an entirely new system of 
operations in the machinery of transmission. 

5. Length of Journals,* 

Another consideration of considerable import- 
ance to the smooth and safe working of shafting 
is the length of the journals. From a number of 
years' experience I have been led to believe, that 
with cast-iron, one and a half times the diameter 
of the shaft is the best proportion for the length 
of the bearing, and with wrought iron, one and 
three quarters the diameter. On the question of 
shafts revolving in the steps of plummer blocks 
and the proportions necessary to effect motion 
without danger of heating, it is essential (without 
entering largely into the laws of friction on bodies 

* Rules for the diameters of gudgeons or jonmals for 
tlioscf cases in which they are calculated independently of 
the diameter of the shaft, are given in Mills and Millwork, 
vol.4, p. 116. 
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o contact) tliat we should ascertain from actual 
)ractioe and long-tried experience the best form 
of journala of shafts adapted for that purpose, 
riie length3 proportionate to the diameters have 
already been given, but we have yet to consider 
h^ dimensions of the journals of large shafts 
where they are small in comparison with the 
)ressure or the weight they have to sustain. Let 
us, for example, take a fly-wheel shaft and the 
bot or toe of a line of vertical shaft extending to 
a height of six or seven stories in a mill filled 
with machinery, and we have the safe working 
iressure per square inch as indicated in the last 
soluma in the following table : — 




D^rlpllmifahuft. 
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45,02( 
fl,OU0 
160 


is 




tluHinntnl iihiin wruanht-iruD 
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From the above it will be seen that in fly-whee 
hafts the pressure should never exceed 180 lbs 
ler square inch, and in that of the toes of verlica 
hafts 240 lbs, per square inch. Even with thia 
alter pressure it is difficult to keep the shafts 
3oo], and it requires the greatest possible care to 
ceep them free from dust or any minute partiolaa 


1 
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of sand or other sharp substances getting into the 
steps. The feet of vertical shafts also require the 
very best quality of gun metal for the shaft to 
run in, and fine limpid oil for lubrication to pre- 
vent the toe from cutting. It is, moreover, neces- 
sary for the shaft to fit well on the bottom of the 
step, and not too tight on the sides, and to have a 
fine polish. 

Another point for Fig.iie. 

consideration is the 
proper form of the 
journals of shafts, and 
that is, they should never have the journal turned 
or cut square down to the diameter, but hollowed 
in the form shown in the figure B,t a a a a. 
From a series of interesting experiments it has 
been shown that the square-cut shaft loses nearly 
one-fifth of its strength, and by simply curving 
out the shaft at the collars in the form described, 
the resistance to strain is increased one-fifth or 
in that proportion. 

6. Friction. 

On the subject of friction much cannot be said. 
We may, however, adduce a few experiments 
from Morin and Eivi^re, which appear to bear out 
our previous experience of the length of journals. 

In the years 1831, 1832 and 1833, a very ex- 
tensive set of experiments were made at Metz by 
M. Morin, under the sanction of the French govern* 
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), to determine, as nearly as possible, thela** 

I of friction, and by which the following were fttilj 

I establisbed: — 

When no unguent is interpoaed, the friction of 
any two surfaces, whether of quiescence or of 
motion, ia directly proportional to the force witli 
which they are pressed perpendicularly together; 

I BO that for any two given surfaces of contact there 
is a constant ratio of the friction to the perpen- 
dicular pressure of the one surface upon the other. 
Whilst this ratio is thus the same for the same sur- 
faces of contact, it is different for different surfaces 
of contact. The particular value of it in respect 

I to any two given surfaces of contact, is called the 

coefficient of friction in respect to those surfaces. 

When no unguent is interposed, the amount of 

I the friction ia, in every case, wholly independent 
of the extent of the surfaces of contact; so thai 
the force with which two surfaces are pressed to- 

I gether, being the same, their friction ie the same, 
whatever be the extent of their surfaces of contact. 
That the friction of motion ia wholly indepen- 
dent of the velocity of the motion. 

That where unguents are interposed, the coeffi- 
cient of friction depends upon the nature of the 
unguent, and upon the greater or less abundance 
of the supply. In respect to the supply of the 
unguent, there are two extreme cases, — that in 
which the surfaces of contact are but slightly 
rubbed with the unctuous matter, as, for instancy 
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with an oiled or greasy cloth, and that in which a 
continuous stratum of unguent remains continually 
interposed between the moving surfaces; and in 
this state the amount of friction is found to be de 
pendent rather upon the nature of the unguent 
than upon that of the surfaces of contact. M 
Morin found that with unguents (hog's lard and 
olive oil) interposed in a continuous stratum be- 
tween surfaces of wood on metal, wood on wood, 
and metal on metal, when in motion, have all of 
them very nearly the same coefficient of friction, 
being in all cases included between -07 and *08. 
The coefficient for the unguent tallow is the same, 
except in that of metals upon metals. This un- 
guent appears to be less suited for metallic surfaces 
than the others, and gives for the mean value of 
its coefficient under the same circumstances 'lO. 
Hence it is evident that where the extent of the 
surface sustaining a given pressure is so great as 
to make the pressure less than that which corres- 
ponds to a state of perfect separation, this greater 
extent of surface tends to increase the friction by 
reason of that adhesiveness of the unguent, depen- 
dent upon its greater or less viscosity, whose 
effect is proportional to the extent of the surfaces 
between which it is interposed. 

Mr. G. Eennie found, from a mean of experi 
ments with diffijrent unguents on axles in motion, 
and under diflFerent pressures, that with the un- 
guent tallow, under a pressure of from 1 to 5 cwt., 
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the friction did not exceed j'jth of the whole pre^*^ _ 

sure; when soft soap was applied it became j' _^^ 
and with the softer unguents applied, such as oif^-^ 
hog's lard, etc., the ratio of the friction to thrf 
pressure increased ; but with the harder unguents, -■ 
as soft soap, tallow, and anti-attrition composition, ' 
the friction considerably diminished [ consequently 
to secure effective lubrication, the nature of the 
unguent must be accommodated to the pressure 
or weight tending to force the surfaces together, 
Tabi.r or CoBPFiciENTs OF Pbictiom undeb Pbesbdrm 

INCKEAaKD CONT1NIJALI.T CP »0 LlHITS OP ABRABIO*. 

Bv Mb. O. Rennib. 
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From a paper lately read at the Institution of 
I3ivil Engineers in London, on the comparative 
rriction of steam engines of different modifications, 
Lt appears that, as respects the friction caused by 
the strain, if the beam engine be taken as the 
standard of comparison — 

Mlie vibrating engine has a gain of I'l per cent 

The direct engine with slides .... " loss of 1-8 " 

Ditto with rollers " gain of 0-8 " 

Ditto with a parallel motion ** gain of 1*3 ** 

It also states, as an opinion, that excessive al- 
lowance for friction has hitherto been made in 
calculating the effective power of engines in gen- 
eral ; as it is found practically by experiments 
with the engines at the Blackwall Eailway, and 
also with other engines, that where the pressure 
Upon the piston is about 12 lbs. per square inch, 
the friction does not amount to more than 1 J lbs.; 
and also that by experiments with an indicator on 
an engine of 50 horse-power, at Truman, Hanbury 
and Co.'s brewery, the whole amount of friction 
did not exceed 5 horse-power, or i^ih of the 
whole power of the engine. 

7. Lubrication. 

On this question it is necessary to observe that 
the durability of shafts, and their easy working, 
depends on the way in which they are lubricated, 
and the description of unguent used for that pur« 
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pose. We have already seen the difference ffiiiob 
exists in the coefficient of friction from the use of 
diftisreiit kinds of unguents, and we have now W 
consider what system of lubrication should 1* 
adopted to lessen the friction and maintain smooth 
surfaces on the journals of shafts. In large cot- 
ton mills I have known as much as ten to fifteen 
horses' power absorbed by a change in the qanlitj 
of the oil used for lubrication; and in coli 
weather, or when the temperature of the mill is 
much reduced (as is generally the case when 
standing over Sunday), the power required on* 
Monday morning is invariably greater than at 
any other time during the week. 

It is, therefore, necessary in most mills — parti- 
cularly those employed in textile manufacture- 
to retain a uniform temperature, and to employ 
the best quality of oil for lubricating the ma- 
chinery, as well as the shafts of the mill. 

The best lubricators are pure sperm and olivft 
oils ; they should be clean and limpid, and spafr 
ingly applied, as it is a profligate waste of yah 
ble material to pour, as is not uufrequently doni 
large quantities of oil on the bearings, nine-tcnthJ 
of which run on to the floor, and cover the shaft 
and hangers with a coat of glutinous matter, that 
Boon hardens, and acicumulates nothing but filth. 

This process of oiling shafts is geuerally left 
the most negligent and moat untidy person in thi 
eatablishment [ and the result is, that every oped- 
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ing for the oil to get to the bearings is plugged 
up, the brass steps are cut by abrasion, and the 
necks or journals of the shafts destroyed. In the 
best regulated establishments this is certainly not 
the case, as the greatest possible care is observed 
in selecting the best kinds of oil, and that used 
with attention to cleanliness and strict economy in 
its application. 

To save power and effect economy in the use of 
lubricants, several schemes have been adopted for 
attaining a continuous system of lubrication. 
None of them appears to answer so well as that 
which consists of a small cistern, a, fig. 117, 
which contains a quantity Fig^?. 

of oil, and is fixed on the 
top of the plummer block. 
In the centre of the cistern 
is a tube, which stands a 
little above the level of the oil ; and into this is 
inserted a woollen thread, with its end descending 
a short distance below the surface of the oil in 
the cistern; and when properly saturated, the oil 
rises by capillary attraction, and flows gently, in 
very minute quantities, on to the neck of the 
shaft. From this description it will be seen that 
the quantity used can be regulated to the greatest 
nicety, and sufficient to lubricate the bearings 
without waste. Other plans have been devised 
for the same object, but none of them seems to 
answer so well as that just described. « 
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CHAPTEB IV. 



In every description of mill where the raa- 
uLinery in spread over a large area, and at a dis- 
tance from the moving power, it is necessary to 
have long lines of shafting, revolving at the re- 
quired velocity. Such lines are seldom made 
one piece; short lengths must, therefore, be coup- 
led together, so as to form an unbroken line, ex- 
tending, in most cases, the whole length of the milt. 

When cast iron shafts were substitutec 
wood, a square coupling-box, made in one pieoe^ 
was generally used, so as to slide over the two 
ends of the shafts, or in two pieces, bolted to- 
gether, as shown in figs. 118 and 119. 



In the former case the bos was slipped oa 
loose, and the adjustment was so imperfect that: 
the shafts rose and fell in the box at every revola 
tiijn, destroying gradually any accuracy of fitting 
which, in the first instance, had been attained. 
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SIT 



After the square-box coupling came the claw, 
or two-pronged coupling, made ia two parti^ 
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olgcd, but more freqnenilj kered oo to ibe end* 
Fof the shafts as shown in fig. 120. This wu ■ 
Lgreat iraprovemt-nt, as the leverage of the beu^ 




ing parts was greatly increased, and ( 'le .xapling. 

in consequence, became more durable 

A description of half-lap coupling wiw intro- 
duccil by the late Mr. Ilewes. It was formed by 
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tfie lapping over a part of the cod of each shaft, 
which was cast square, A square box was also 
fitted over the two ends, so as to bind them to- 
gether, and three keys were inserted on the top 
side, as shown in fig, 121, The objections to this 
coupling were the difficulty of fitting and the 
loosening of the keys,, which made a tireaking 
noise with every revolution of the shaft.- 

Another coupling, still in use, ia the disc. It 
consists of two discs or flanchcs, one on. the end 
of each shaft, bolted togetlier by four bolts, as 
shown in Sg. 122. This coupling was superior to 
all tho preceding, when properly bored and 
turned, so as to have its faces accurately perpen- 
dicular to the shafting.' 

The best coupling for general purposes, and 
the most accurate and durable, is the circular 
half-lap coupling, introduced into my own Works 
nearly, forty years ago^ It is perfectly round, and 
consists of two laps^ turned to a gauge, and, when 
put together by a cutting machine, it for,ms a 
complete cylinder, as showa in fig, 123. A Cylin- 
drical box ia fitted over these, and fixed by a key, 
grooved- half into the box jtiid half into tlic shait. 
The whole is then turned in the lathe to the same 
centres as the: bearings of the shaft, and by this 
process a degree of accuracy is attained which 
cannot be surpassed, noc is any other-oouplingiso 
Neat aad so well .adapted for the trausmisiiiou-of 
power. . :... J ■ ... 
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The proportiona of this coupling are foniid by^ 
experiment to be — ■ 

Twice tlie area of tbe shaft is the area c^ tbe 
conpling. 

Tbe length of the Jap is the dinmeter of tb* 
shaft. 

And the lengtli of the box id twice the diainetei 
of the ahaft. 

These proportions tiflve been foaml in practice 
to answer every purputfe, biAh a» regards strengtls 
and the wear and tear of Ihe joints. 

There is another couphng whioh baa eoine of 
late years extensively into use, oamely, tbe cylin- 




drical coupling, with butt ends. It has the Bame 
proportions as the former, bnt not so strong nor 
so duiable as the half-lap conpling o( the same 
dimensions, as the entire force of torsion ia trans 
mitted through the key; but in cases when 
strength if! not tbe ehief object, it forioa a eheaf 
and effective coupUng. 
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8. Disengaging and re-engaging Gear, 
This is an important branch of milt-work, re- 
cjuiring careful consideration, and the utmost 
exactitude of construction when ponderous ma- 
chinery has to be started, without endangering the 
shafts and wheels. This ia most strikingly exem- 
plified in the case of powder mills, where trains 
of edge atones are employed for grinding the gun- 
powder, and in rolling and callendering machinery 
which requires well fitted friction-clutches to com- 
municate the motion by a slow and progressive 
acceleration from a state of rest to the required 
velocity. 

It used to be customary in cotton and ailk milla 
to place disengaging clutches at the point of con. 
nection of the upright or driving shaft and tha 
maid shafting in each room, so that, in case of ac- 
cident, a room full of macbinei-y could be thrown 
out of gear at once. But these provisions were 
found unsteady in practice, and rather tended to 
increase than to diminish the number of accidents, 
owing chiefly to the time lost in disengaging, and 
the breakages which occurred in attempting to 
place the machinery in gear again, when the en- 
gine was runniog at full speed. It has, conse- 
quently, been found safer to have a permanent 
coimection between the main lines of shafting 
throughout the mill, and signals from each room 
into the engine-house, in case of accident. 

if hen the construction of mill gearing was leas 
19* 
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jwrfeot thnn it ia at present, tbe main shaft driving 
thu machinery in a room was thrown out of gear 
by a lever, whioh contained the steps, and sup- 
ported the end of the horizontal shaft and wheel, 




which geared into that on the upright shaft, a 
shown in fig. 125, with a rope at the end of the 
lever a to puU it out of gear. This motle of din 

■engaging wheels was very ineffective, as in many 
mills there are three bevel wheels gearing int* 

■"that on the upright b, and it becomes complicated 
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and dangerous to have movable levers to cucli, 
To remedy these defects, standards or plummer- 
blocks, with a. movable slide e, fig. 126, in which 
the end of the abaft revolved, wereintroduced. To 
the top of this slide was attached a lever a, with a 
handle 6, by which it could be drawn out of gear; 
and the link c. falling along with the lever, re- 




tained the shaft out of gear until the mill was 
stopped. 

All these contrivances were, however, found in- 
operative on a large scale, as the shafts and wheels 
got out of order; and it was ultimately foiiiitJ 
cflBentiallj necessary to make them stationary, by 
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BCrewiiig the pi ummer -block down to the frame 
which connects the shafts and wheels. 

Several devices have been employed for the 
purpose of rapidly engaging and diaengaging ma- 
ihines from the driving shaft. The beat of all are 




the fast and loose pulleys, with a travelliTig sfrap. | 
Thus, in fig. 127 a is the driving shaft, acting , 
upou two pulleys e and d, fixed on the driving | 
Bpindle of the machine b ■ one of them, U, is b 
fast, and the other rnna loose. When the machine 
is at work the strap ia on the fast pulley d, and ) 
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when it is necessary to stop, it is moved by a 
forked lever on to the loose pulley e, which re- 
volves with the strap without acting on the ma- 
chine. The machine is thrown into gear with 
equal ease by moving the strap on to the fast pul- 
ley d. Onco on either of the pulleys, the strap is 
held in position without any danger of moving by 
the slight curvature of the pulley, as already ex- 
plained. The forked lever must act on that aide 
of the strap which runs toward the pulleys, and 
not on that whieh leaves them. 
A second and equally effeiitive process for start- 
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ing or stopping machinery is shown in fig. 128. 
A leather strap is hung loosely over the driving 
and driven pulleys a and 6, so that, left to itself, 
tho friction is not sufficient to communicate mo- 
tion to tha pulley on the shaft b ; but a tightening 
pulley fixed on a suitable lever e ia forced against 
it by pulling the ro|)e c, which bends the strap 
tightly upon the pulley b, and gives motion to the 
mnuhiao. This arrangement is in general use for 
Buek teaglcs in corn mills, and for some other pur- 
poHOs. The sairic offout is sometimes produced by 
tlm sjick toagles being fixed on the lever, and, hy 
raising one eml, tlie strap is tightened, and the 
bnrrol which raises tho load is caused to revolve.- 




The elntoh most in use for throwing into gear 
biMvy ciJlcndcring infiehinus is a clip friction 
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loop, which consists of a sliding box a, with two 
projecting horns on the driving shaft b. These 
horns, when slid forward by a lever g, working 
in the groove c, come in contact with the friction 
hoop d, which embraces a groove in a second box, 
keyed upon the shaft of the machine. The instant 
the machine receives the shock of engagement; the 
clip d slides in its groove, until the friction over- 
comes the resistance, and the callender attains the 
speed of the driving shaft. The object of the fric- 
tion clip is to reduce the shock of throwing the 
clutch suddenly into gear, as without this precau- 
tion any attempt to move instantaneously a pow- 
erful machine from a state of rest to a state of 
motion would break it in pieces. 

Friction cones are also much used for this pur- 
pose, and when carefully executed with the proper 
angle are safer than the clutch just described. The 
objection to the friction clutch is, that the whole 
driving power is thrown on the clip at onoo ; 
whereas, with the cones, the parts can be brought 
into contact with the greatest nicety, and the fric- 
tion regularly increased to any degree of pres- 
sure. Fig. 130 shows this description of disen- 
gaging gear ; a is the male sliding cone, worked 
by a lever in the usual way, b the female cone, 
keyed on the driven shaft, and the two surfaces, 
when brought into contact, communicate the re- 
quired motion with perfect safety. 

Machines driven by friction, and requiring to 
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bo froqiicntly stopped, are very numerous. Some 
of tlie li^litor description are driven by a ver^cal 
ahail, b, fig. 131, supporting a horizontal disc, 
n„, iji. whicli communicatea 

motion to the wheel 
a, rolling on its sur- 
face, and gives the 
necessary motion to 
the machine. The 
advantage of this frie- 
Ftlon-whoel ia, tliat the velocity of the machine may 
^0 increased or diniinialied at pleasure by moving 
the wlioel a nearer to or farther from the edge of 
the disc 




Fig. 132 is anotber combination of discs suita- 
ble for coupliugs with only one bearing. The 
disc b is keyed on one shall, and is recessed on 
the face, lo receive the sinaiier disc, c; this dise ia 
Buok flush with the face of the other, and is 
wed tightly up to it by means of the ring a, 




which ia bolted to the ili;^c li, ami .Hcoiirea that 
tnarlced c. Between the three plate.% a, b and c, 
annular pieoes of leather are interposed, which 
bring tliera alt to a proper bearing. 

This combination, termed a friction coupling, ia 
naefnl for preventing breakage of the connections 
ill case of a sudden stoppage or reversal of the 
motion. It is plain that the holding power of the 
coupling depends simply upon the tightness with 



vtoeii tfae dins ore serewol togAfacr, and un 
■■MUnent SnttuuKL fincc of the aoz&ees <f 



mom pennanenc (anna of «np- 
tiii^ tiuire ikre 'idler aontrivances adopted wtiea 
the abject bi be utaioed ta the engr^^ment und 
Ji«CTig!i4jeioeDt tif certain purls of che ntachiiury 
or gearing iloring the ionise of opiitnxionH. 
Wttii the mum view uf utlrohtiag uf clik ^s- 
C of Uie cuntuxtiun. in ai»ea of sudd^n 




stoppage or reversal, the coupling, fig, 133, is 
•otnctimufl employed. 

Ill ttiid j [DttmiCG, llic shaft ia supposed to be 
oontiDUOUi, and the coupling may be termed a 
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disengaging coupliiig. a and b are the two parts 
of the coupling, formed on the acting faces into 
alternate projections and recesses, such that they 
correspond with and exactly fit into each other 
when in gear. The part a is, in this example, 
cast on a spur or bevel wheel, from which the 
motion of the shaft is supposed to be taken otf. 
Both of the parts a and b are, to a certain extent, 
loose on the shaft ; the former being capable of 
moving round on it, though deprived of longitu- 
dinal motion by washers and a collar, marked e, 
and the latter being free to slide on the shaft, 
though prevented from turning on it by a sunk 
key, which slides in a slot inside the clutch or 
sliding piece b. The median ism is put into gear 
by means of the lever d, which terminates in a 
fork with cylindrical extremities c; and it is 
obvious that, by the contact of the flat faces of a 
and b, the latter will immediately carry with it 

I 

the other part at the same speed as the shaft. 
Supposing, now, that the motion of the wheel a 
is suddenly accelerated, the oblique faces of the 
couplings immediately fall out of contact, and 
slide free of each other, leaving the couplings 
clear, and the shaft free to continue in motion. 

In the old form of this contrivance, known as 
the sliding bayonet clutch, the part b, instead of 
the toothlike projections on the face, had two or 
more prongs which laid hold of corresponding 
Buugs cast on the face of the part a, which, more 




b ■■ oUn- fana iiai, Ike palkrvas mdc to 
^i^tad^aagvmAtAt^ A fera aaaloeaQs to 
Am WW knvn M Ac ' lock polky,** a few epeo- 
■CM of vUck itai RBin n die older bctoriea. 
lartead of Ae «ad kag notioB eommoa to tlie 
«llker aode% tfae puts wen " locked " togetber l]^ 
s bob fi^sd apoB the nde ot tbe poIleT-, and 
whicfa, viiea shifted towaid the axis, engaged 
with an arm of a croa^ of which the part b. in 
the preeeding figure; is the moilero represeatative. 
The bolt was wrooght by means of a key and 
■top, the turning d the kej throwing back the 
bolt, and thereby nnlocking and disengaging the 
palley. The form of coupling represented by fig. 
ISi is particnl&rly applicable when the impelling 
power ia derived from two sources — a circum- 
stance which frequently occurs in localities afford 
irig water power to some extent, and yet not in 
BuRicient abundance for tlie demands of the work. 
The deficiency is usually supplied by a steam-en- 
gine ; and the two powers are concentrated in the 
main line of shafting by a coupling of the kind 
depicted. In cases of this kiud, the speed of the 
iiliafting being fixeil, and the supply of water in- 
constant, the power of the water-wlieel ought to 
bo thrown upon the wheel a a, and that of the 
engine upon the shaft at another point. By this 
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arrangemenli the speed of the line can be exactly 
regulated by working the engine to a greater or 
less power, according to the supply of water. 
The proper speed of the water-wheel will like- 
wise be maintained, which is of importance in 
economising the water power. 

" The same form of coupling is also used occa- 
sionally for engaging and disengaging portions of 
the machinery. But for this purpose the object 
is to obtain a mode of connection by which the 
motion may be commenced without shock; for, 
in consequence of the inertia of all material 
things — that is. the tendency which every portion 
of matter has, when at rest, to remain at rest, and 
when in motion, to continue to move — the parts 
of the mechanism, when acted upon too suddenly 
by a moving power, are liable to fracture and dis- 
arrangement. It is a law in mechanics that when 
a body is struck by another in motion some time 
elapses before it is diffused from the point struck 
through the other parts; consequently, if the 
parts receiving the blow have not sufficient elasti- 
city and cohesive force to absorb the whole mo- 
mentum of the striking body till the motion be 
transmitted to the centre of rotation, fracture of 
the body struck must necessarily ensue. Hence, 
in a system of mechanism, any parts intended to 
be acted upon suddenty by others in full motion 
ought not only to be strong, but they ought to be 

capable of yielding on the first impulse of the 
20* 



SS4 



HACHINKRT Of TRANSMiaSIOS. 



impelling force with aa little resistance as poa^ble, 
and grndually briag tbe whole weight into motion. 
The common mode of driving by belts and pul- 
leys aceompliahea this object very satiafactorily. 
In this the elasticity of the belt comes into action ; 
and being thrown upon the pulley by the strap 
guide or fork, it continues to slip, till, by the fric- 
tion between the sliding surfaces, the belt grad- 
ually brings the quiescent pulley into full motion 
This mode of connection ia unexceptional when 
the power to be transferred is not great; but its 
application to large machinery is attended witll 
inoonvenienoe."* 

In figs. 134 i35, two other forms of olutchefl 
are shown, aa oflen used to connect the shafting 
of dift'ureni parts of the same mill, where it ia not 
necessary to throw into or out of gear when run- 
ning at full speed. They consist of a fixed and 
sliding box, one on each shaft, with teeth or pro- 
jections which fit in corresponding notches. The 
sliding bo.x has a groove turned in it, in which a 
forked lever works, as at a, fig. 134, and at a, fig, 
135, by which it is drawn backward or forward 
as the case may be. The peculiarity of the 
clutch, fig, 135, is that of the driving shaft, which, 
reversed by any accident in its motion, as is not 
unfreqnently the case in starting and stopping 
the steam engine, the sliding clutch is forced back 



* Bztraat from Eogiui 
p. 144. 
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by the wedge-abaped faces of tbe projeotiona, and 
toe macliiuery tliruwn out of gear. 




;. 136 shows one of tlieae clutcbea on a amnll 
scale, fixed on a line 
of sbafling beneath 
the floor of a mill. 
It is placed between 
two standards a a, 
supporting the ends 
of tbe abaft, and the 
lever b working on 
a pivot at bottom, 
and having a pin 
working in tho 
groove of tbe sliding 
clutcb box, servea 
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for throwing the driven shaft into or out of gear 
whenever it may be necessary. 

Another ingenious contrivance, I believe in- 
vented by Mr. Bodmer, is shown in figs. 187 and 
138. It consists of a box a a running loosely on 
the driving shaft s s, but carrying the bevel wheel 
b b, wliich gears into another wheel on the driven 
Bhaft, not shown in the figures. Tightly 
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accurately fitting the interior surface of the run- 
ning box a a. The bos3 c c carries also four pro- 
jections e ee e, which serve as guides for four 
screws, alternately left and right handed, and at- 
tached to the nuts// and levers ff g ; these screws 
act on the extremities of the friction slides hk, so 
that when the levers g g are drawn back they are 
both with eq^ual pressure forced upon the inner 




surface of the box a a As the prefsure can bo 
very regularly and gradually brought on this box 
through the levers and screw s, the motion of the 
driving shaft a a is communicated with perfect 
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regularity, and without shock to the bevel wheel 
ib. 

In the above description I have given such ex- 
amples of engaging and disengaging gear aa are 
moat commonly in use. Others of a more com- 
plicated character might be cited, bat they are 
not to be recommended as applicable in general 
practice. The last form, figa. 137 and 138, is, 
however, specially noticed aa suitable for gun- 
powder mills, where the greatest possible freedom 
from shocks is essentially necessary. 

9. Hangers, Plummer-hhcks, etc., for carrying 
Shafting. 

Shafting ia supported in three ways, viz., on 
foundation stones in the floor, beneath beams sus- 
pended from the ceiling, and to the walls of the 
mill. This necessitates as many different forma 
of framework, known as liangers, plurnmcr-blocks, 
standards, etc. 

The simplest mode of supporting a range of 
light shafting ia from the floor, and a pedestal 
suitable for this purpose is shown in fig. 139, It 
consists of a cast iron base plate and column, with 
deep wings a a cast on to strengthen it free from 
vibration. The upper portion ia hoflowed out to 
receive the lower brass step, and the cap carrying 
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the upper step. When the entire pressure of the 
sbarting is downwards the upper brass bush is 
omitted, and the cap is cast hollow and kept full 
of grease, so as to secure the most perfect lubriua- 
ion of the journal of the shaft. 







Mg. 140 shows a pedestal for bolting to a wall, 
the chief difference being that the cap is now fixwl 
on its inner side by a wedgt, or cottar (c) In this 
figure a shell cap a is shown. If the pull i.s ii]) 
wards, and two brasses be required, "lugs" hiivo 
to be added to the extremity of the pedestal iind 
cap for bolting the two together. 

There are various ways of suspending rungua 
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p:ate(a), which bolts to the side of tho beam, ai 
shown in figs. 141, 142. The caps are fixe^i by a 
colter, aa in the previous case- 
Figs. 143, 144, allow a front and side elevation 
of another form of hanger for attachment to wooden 




[ ««s*c rf Ik J 






fiir tbejoanBl of the priD- 
etpU dn^ Titk a bc^ ak 
d, fig. 143, ia additltHi U> 
the cotter, to keep the cMp 
uiit8plac& 
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Fig. 145 show 1 another form of light hanger 
eometimes employed m weaving sheds ind also 
in use for eupporting shafts in fire proof mills, 




being bolted up to the 
under side of the cast- 
iron beams, as shown at 
fig. 147. 

Where greater strength 
and firmness are re- 
quired, especially ia 
long hangers in wbicli 
there is considerable 
leverage, the arrange- 
ment shown in figs. 146, 
147 is adopted ; the 




9 bolted :o a. -i^ast-iiTiii htatBi 
tmd bjran estensioTi of the llange plate to iha 
bride arch, which springs trom the b«mn T, i( 
is drmly secured to both beam and lioor. At t 
j» % screw for tightening the apper bm^ atep ob 
^w ahaiL 







WoTc complicated arrangements are i 
necessary where two or three ranges of abL 
have to be brought in connection with cachj 



BHAFT HANQEBS AND PLnMJfER-nLOCKB. 245 

by means of bevel or mitre wheels. Figs. 148 
and 149, show a front and aide elevation of this 
arrangement, which may serve as a type for 
others. The hanger is attached to a cast-iron 




beam A, by booked bolts with nuts beneath the 
top plate, as shown at a a, care being tahen in this 
attachment not to weaken the flange of the iron beam 
by boring holes in it. Double brass steps are neces- 
flary in this case for the main line of sbaftinij, and 
nlso for two smaller ranges at right angles to it, 




which revolve in opposite directions, aa shown at J 
fig. 149. 

A very frequent case in practice is the oonneo- 1 
tion of two ranges of shafting, at right angles to \ 




each other, at the corner of a room. This is 
effected by letting into the corner of the building 
a cast-iron frame, commonly known as a wall-box, 
which aerves as a foundation for the plummor- 
blocks carrying the shafting. Such an arrange- 
ment is shown in iig. 150 in elevation, and in flg- 



SHAFT HANGERS AND PLUMMEK-HL0CK3. 247 

151 in plati. The box w, w, w, ia built into the 
wall, and bolted both to it and to tlie cast-iron 
beam b. It carriea two plummor-blocka on a 
plate firmly supported by brackets. The wall 




;ing 



pieces in tlieso two figures are similar, but with a 
Blightly different arrangement of the plumraer- 
bloc kg. 

Irrespective of tbe various forma of 
and disengaging apparatus, it will be 
consider the position, form, and proportions of tht 
wheels and shafting rec[uired in mills wliere tht 
power ia divided and widely distribuUid. Tt 
show tbe enormous extent to which the coQoea 
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tration of machinery in one building hss been 
carried, I may mention tbat in mills of my own 
ooDBtruction there have been on the average not 
less than 450 wheels and 7,000 feet of shafting in 
motion. In the large mills at Saltaire there are 
upwards of 600 wheels and 10,000 feet, or two 
miles, of shafting distributed over an area of 



4 




flooring equivalent to 12 acres. In corn milla 
and iron works, where the machinery ia more 
closely connected with the prime mover, these 
conaiderutiona are of less importance; but in fac- 
tories for the manufacture of textile fabrics the 
maohinory covera a great extent of surface, and 
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the greatest care is necessary in giving due pro- 
portion to the transmissive machinery, in order to 
secure uniformity of motion at the remotest parts 
of the mill. 

In gearing a mill, the first consideration is tha 
power of the engines, the position of the ma- 
chinery to be driven, and the strength, diameter, 
etc., of the first-motion shaft, and other requisites 
for the transmission of motion in a well-geared 
mill. It is upwards of twenty years since the fly- 
wheel was converted into a first motion, and a 
new system of transmitting the power of the 
steam engines to the machinery of the mill intro- 
duced. Previous to that time it was effected by 
large spur-wheels inside the mill, now it is taken 
direct from the circumference of the fly-wheel."^ 
The advantage of this system was the abolishing 
of the cumbrous first-motion gearing; and the 
requisite velocity being already present in the fly- 
wheel, it was only necessary to cast it with teeth, 
and to take off the power by a suitable pinion at 
the level most convenient for the purposes of the 
mill. 

In another place I have given general rules for 
the pitch, breadth, and strength of the teeth of 
wheels. The Table (p. 250), computed from ex- 
amples which have occurred in my own practice, 

* Compare "Mills and Millwork," Part 1, Prime MoverSi 
page 248. 



f^ jku.tsn?^x9YT or 



iv.i::;:nii. 



-i:. ::-"- fcfr i»«r iTtn^rmoi^ of Bnnr flv-vheeJi 
c ^rrfTTv LizmiiiiiTT e" tniti wiit»t*_ and pinion. 

"..tT^- 'i'xirrrexMi ?tt3, "^sijuirrrT irrc. or Bpt» 



>i(mnBfc.nMPr r MaMar- r *Iikib "Bi— Hi iff iaf]dGdilinB 

I iHT miiiuit' 
I iD 





r 


^. 


■^J^ 






i 


"ta .jl = 


3IH 


» 


-«■ 


-^ 


If 


1 


t^rucft = 


>» 




Sb 


^ 


HI 




I' ».-. liH = 


:hH 


•■ 


1 


4i 


14 


^■^ 

^ 


I**.-! ^l = 


ll»1 




-k 


« 


14 


i S 


"».-i -Si = 


-li»l 


•ta 


^ 


-fe 


1* 


tf 


itlU^fr. 


iii 


1* 


<^ 


Hi 


- •» 


""c 3 


r».-. '.'1 - 


1^1 


»^ 


X 


5c 


T « 


H r 


Ttr.-i 'i - 


.41 


•»» 


* % 


Sc 


1ft 


^ — 






»■■■ 


1 

1 




2«* 




" ».-. C - 


J#l 


:ii 


1 


J^ 


■« «k 


^T 




'.»! 

'» 


* 

.1 


• 


h 

J^ 
•* 






^]■J^w•. 


t4) 


^'" 


ll 


1 

a 


:*» 


5- S 


. V . 1, 


>» 


■ » 


ll 


> 


^. ft 


^Zr 


"r^.";^ft 


»■' 


A 






--«» 




r V ; :'» : 


to) 


..i 


1 


i* 


a 


> ^ 


. V . !.« - 


>) 


-/* 


4r? 


-? 


«L 




" /./■<•. 




•>•# 


4- 


Z.t 


• 


« ' 


iv. :.- 


.>i 


: ■> 





^t 


^ 


ff» 




-i 


:•) 





^t 


• 


> 


: *..'./ '.ft 




IT 




2 


6 


2 


"'./*:^.t: 


L:: 


10 





2 

i 


5 


1 '^ . 



It will \Ai observed that the diameters of the 
fly wri*-<-U ani not always proportionate to the 
pow<:r of tiie ciigiriea, nor yet to their respective 
V4:lo':iti«jrt. Ill practice, it is impossible to main- 
tain ijiiil'orniity in this respect, as, in order to 
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meet all the requirements of manufacture, it is 
necessary to deviate from fixed principles, and to 
approximate as near as circumstances will admit 
to the diameters, weights, and velocities of wheels, 
as may be found convenient to produce a maxi- 
mum effect. 

Of late years, the speed of the piston of factory 
steam engines has been accelerated from 240 to 
300, and in some cases to 350 feet per minute. 
This united to the increased pressure of steam 
nearly doubles the power of the engines to what 
they were thirty years ago. The standard speed 
of a Bolton and Watt 7 feet stroke engine 
previous to that date, was seventeen and a half 
strokes per minute. 

In closing this section of practical construction, 
I may state that the couplings, engaging and dis- 
engaging gear, including the different forms of 
hangers, fixings, etc., are taken from my own 
designs, first introduced as a substitute for the 
cumbrous attachments that were in general use 
previous to the years 1820 and 1823. 

Having determined the diameter, speed, and 
strength of the fly-wheel, the next consideration 
is the material, diameter, etc., of the main shafts. 
These are usually of cast-iron, and their diameters 
depending on the power transmitted through 
them, and the velocity at which they revolve, wiU 
be found by the tables and formulae already given 
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weight to resist the action of the wheels prepared 
to' drive the main lines of horizontal shafts with a 
speed and force equivalent to the work done in 
each room. In the case of the Saltaire mills this 
is considerable ; nearly 300 horses' power being 
distributed through the upright shaft alone, the 
remainder being carried off to the loom shed by 
a second wheel, working into the bevel wheel a, 
oh the horizontal shaft B, but not shown in the 
drawing. It is important, in mills where power- 
ful steam engines are employed, that the founda- 
tions and fixings to which the main shafts are 
attached are of the most substantial description, 
and the greatest precaution is necessary in order 
to secure them from vibration, and to render them 
perfectly rigid when the whole force of the 
engines is applied. 

i In the Saltaire mills, as in many others for the 
manufacture of cotton, flax, and wool, the pre- 
paratory machinery, such as carding, combing, 
roving, etc., is generally driven by lines of hori- 
zontal shafts, or by a series of cross shafts, 
branching off at right angles from the main line 
extending down the centre of the room, as shown 
at c c in No. II. room. Nos. III. and IV. rooms 
are driven by the longitudinal shaft inNo. III. ; 
' aiad -Nos. V. and VI. by the shaft in No. V. room. 
. "On this plan it will be noticed: that the spinning 
; ihachinery is driven by iron pulleys, from the 
:. Horizontal shafts, at a velocity of .nearly 200 
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ivolutionit per minute, and tbe straps <« bclM 
fVom thoHe pulloya are directed by means of guide 
pulliiyH to llm macltinery in both roonu. For 
tliii [mrj>ose, iron boxes are inserted into the 
nroliea supporting thu floors, for the admi^on of 
th« straps to the machinery in the upper floor. 

It will not be necessary to give the dimeosioiB 
of the HhaCts in oauh room, aa these details and 
oalciiliitions munt bo luft to the judgment of the 
millwright, and the nature of the work they have 
to port'i>rin. Sudico it to observe, that the ver- 
tical wlmft A is 10 inches diameter through the 
flrnt two rouniH, 8J inches tbrough the third room, 
and tij inches to the top ; the velocity being 94 
revolutions per mimito. 

As rcHpoels the oouplinga for this gbafl, we 
miiy I'ol'or the roader to the Table of Dimensions 
Ipagu 109) mailo lW>m couplings actually in ua^ 
and which have been found, by experiment, ser- 
vioeahlo in every case whoro strength and dnra 
hility arc r(>i|uireil. 

Ureal Iroulilo is sometimes experienced with 
llio fiwt of the vertical shaft, which, from its 
weight and the groat pressure upon it, has a ten- 
dency to heat, unless sufflcieut bearing-area ia 
iillowod, auil the parts kept tlioroughly lubricated. 
The gt'iioral arrangement of the footsteps and 
goaring in largo mills is shown in fig. 154 ; s a is 
the first-motion shall, and tl the venical shaft; 
an the bowl wheel ou the former, and b b the 
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Orel wheel on the latter; c a plummer-bloek foi 
e first motioa- shaft, and d d the bos: containing 
a hraes footstep for the vertical shaft ; this boE 
. a large base plate, bolted to the founda- 
tion stones and to the wall of the engine-hoiiae. 
Id order to insure a conataut supply of oil to the 
bearing, it is usual to cut away nearly the whole 
depth of the footstep, or that portion of the braas 
in the corner opposite to the thrust of the bevel 
wheels, as shown in the plan, fig. 164 ; this cavity 
is then kept full of oil, and lubricates the shaft 
throughout at every revolution* -Again, in cot- 
ton, woolen, and flax mills, when the first motion 
and vertical shafts have been duly proportioned 
to the work they have to perform, it becomes ne- 
cessary to consider the diameter, speeds, etc., of 
the light shafting for driving the machinery in 
the different rooms. The formula given for 
strength, etc., in a former part of this work, wiU 
apply to this description of gearing and mill-work 
where the length does not exceed 120 feet. In 
long ranges of shafts, of from 150 to 200 feet in 
length, where the power applied to the machinery 
at the end of the room is considerable, it is essen- 
tially necessary to increase their strengths in order 
to prevent torsion or twist. This is a considera- 
tion of much importance, and requires careful 

* The render may oompate what la here said of footstepi 
with that iu Mills and Millwark, Part I., pp. 168, 1T2, on 
the Bt«pB for tarliiue shafts. 
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attentioo, as long ranges of ligbt sbafla are rerj 
elastic — thej, in aome cases, effect nearly a com- 
plete revolution at the point of imparted motion 
before the extreme ends begin to move. The 
result of the power so irregularly transmitted by 
the spring of the 3haA.s, resolves itself into a series 
of accelerated and retarded motions through the 
whole line of shafts, and imparts to the machinery 
in one-half of the room a very variable motion. 
Want of stiffness is a great evil in long lines of 
shafting, and, as we have already observed, in 
stances are not wanting in which whole lines have 
been removed entirely from this cause. 

The transmission of power to machinery placed 
at different angles from the line of shaf^, which 
is sometimes the case in old mills, has generally 
been effected by the universal joint a, fig, 1^6 




which works moderately well at an obtuse angle, 
but I have always found in my own practice that 
bevel wheels, as at B, fig. 156, are preferable and 
more satisfactory. They give much lej^ trouble, 
and work with greater ease, than *he universal 
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joint. Other examples might be given for tbe 
guiilaoce of the practical miUwright; bat, haviDg 
to (JiacuBS these pointa at greater length when we 
come to treat of the different kinds of mills and 
different methods of gearing, we most direct the 





reader to those portions of the work which ooa 
com his own immediate practice. 

The following table exhibits the diameter of 
ahaftn, length of journals, diameter and propor- 
tions of conplings, etc., derived from actual prac- J 
tice, which may bo useful to the leas experienced^ 
millwright and cngiooer; 



FSOPORTTOSS OF SHAFTS. 261 

CouPUKas, CoDP- 



Tabu 10. — Lbngth, Diaubtbb, btc, 
UNu-BozBa, BTo. 



»«. 


-r 


or 


^r 


"r 


Dluioln 
of 


I^^n-. 


Bbnn. 


Nock. 


CoBpUog. 


L.P. 


a,.. 


Boi. 


McUL 


mt 


3 


2i 


2 


H 


H 




It 


3i 


3 


2 


5 


5 




2 


4 


3J 


2 


5i 


5i 




21 


H 


3* 


2 


6 


6 




2i 


5 


4 


3 


6i 


s 




2» 


5 


■4 




7 






5J 


4i 




n 






3i 


6i 


6 


3i 


8 


B 




H 


Gi 


5i 


3i 


ei 


8 




i 


1 


6 


4 


si 






il 


7i 


ej 


4i 


9 


10 


2 


5 


8 


li 


5 


10 


11 


2 


»! 


8* 


8 


5i 


11 


12 


2Tt 


6 


9 


9 


6 


12 


13 


2i 


6J 


n 


9 


6i 


13 


14 


2 


I 


m 


10 


7 


14 


16 


2 


I* 


Hi 


U 


■Ji 


15 


n 


2J 


8 


12 


12 


8 


16i 


18 


3 


8J 


m 


12i 


Bi 


n 


19 


3i 


9 


13j 


13 


9 


18 


20 


3i 


n 


14 




9i 


18 


21 


3i 


10 


14i 


14" 


10 


I8i 


22i 


3| 


11 


15 


1« 


IL 


20 


24 


4 


12 


16 


17^ 


12 


■21 


26 


H 


13 


n 


1^1 


in 


22 


27i 


H 



INDEX. 



Annnlar wheris .~ — ^.^..^.. 64 

Archimedean acrew cre epe r ......... 91 

Beam, the grreat, aod the craak^ 25 

Bevel wheels and berel gear ^ G6 

— — skew bevel wheels ^ 100 

— — bevel wheels preferaUe to 
nniTersal joint ^..,.^^ 250 

Cambs „ ^ ., 76 

—— to find the cnrre forming the 
groove of a camb, so that the 
velocity ratio of the rod and 
axis of the oamb may be con- 
stant 77 

■ to produce a changing reci- 
procating motion by a combina- 
tion of the camb and screw 94 

Concentric wheels 64 

Ck)nnector8, wrapping.^ 40 

Crank and great beam, the 25 

«—— relations of crank and pis- 
ton- „ 27 

Crown wheels 65 

Cutting machine of Messrs. Peter 
Fairbairn A Co., of Leeds Ill 

Detent, ratchet wheel and 89 

Eccentric wheel, the 75 

Epicycloidal teeth of wheels 125 

Face wheel and lantern 65 

— — wheels and trundles 108 

Fairbairn, Messrs. Peter & Co., of 
Leeds, their cutting machine.... Ill 

Friction of shafting 209 

clutch 226 

— ^ cones 227 

coupling 228 

discs 229 

• means adopted to lessen the. 

at the foot of the main vertical 
shaft 255 

Onfde pulleys.. 47 

Outta percha, value of, for straps. 101 

Hangers 238 



f4«l 

Hero of Alexaadria, bis maoUoii 
of toothed wheels.. lOA 

Idle wbeds........ 6S 

IntMTnittwit motion produced by 
linkwork, ooMuected with a rat- 
chet-wheel SO 

Inv(dute teeth of wheels 135 

Joomals, length of. 90T 

Lantern, fihce-wfaeel and.. 66 

link-work 22 

the crank and great beam.... 25 

to construct Watt's parallel 

motion SI 

to multiply oscillations by 

means of link-work 34 

to produce a velocity which 

shall be rapidly retarded by 

means of link-work 86 

— — to produce a reciprocating in- 
termittent motion by means of 

link-work ST 

ratchet-wheel and detent 89 

intermittent motion produced 

by link-work connected with a 

ratchet-wheel 39 

Lubrication of shafting 213 

Mechanism, principles of. 18 

—— general views relative to ma- 
chines 18 

definitions and preliminary 

expositions 18 

parts of a machine 18 

— — elementary lurnis of mechan- 
ism 21 

link-work 99 

— — the crank and great lieam.... 26 

to construct Watt's parallel 

motion 81 

to multiply oscillations by 

means of link-work 84 

to produce a velocity which 

shall be rapiilly retarded by 

means of link-work 88 

— — to produce a redprocatlnf 
intermittent motion by means 
of link-work. 89 

(263) 



INDEX. 



265 



PAQB 

Sliding plec»— continued. 
—— to produce a changiug reci- 
procating motion by a combioa- 

tion of the camb and screw 94 

Speed pulleys 44 

Swiish plate, the 80 

Saltaire mills, the 252 

Shafts, on the strength and pro- 
portion of : 175 

1. The Material of which 

shafting is constructed 177 

— 2. Transverse Strain 179 

-— rules for the strength of 

shafts 183 

— - resistance to flexure ; weights 
producing a deflectiou of 1-1200 
of the length in cast-iron C} lin- 
drical shafts .^ 187 

resistance to flexure ; weights 

producing a deflection of 1-1200 
of the length in wrought-irou cy- 
lindrical shafts 188 

deflection arising from the 

weight of the shaft in both cast- 
iron and wrought-irou cylindri- 
cal shafts 189 

3. Torsion 190 

values of modulus of torsion 

according to Mr. Bevan 194 

— - resume of experiments on cy- 
linders of circular section 196 

-— resume of experiments on the 
torsion of hollow cylinders of 
copper 197 

—— resume of experiments on the 
torlion of elliptical bars 197 

—— safe working torsion for cast- 
iron shafts 200 

safe working torsion for 

wrought-iron shafts 201 

diameter of wrought-irou 

shafting necessary to transmit 
with safety various amounts of 
force 205 

4. Velocity of Shafts 204 

5. Length of Journals 207 

6. Friction 209 

table of coefBcients of friction 

under pressures increased con- 
tinually up to limits of abra- 
sion 212 

7. Lubrication 213 

— 8. On Ck)upling8 for shafts and 
engaging and disengaging gear.. 216 

— " disengaging and re-engaging 
gear 221 

— — Hangers, Plummer-b locks, 
etc., for carrying shafting 238 

— — diameters, pitch, velocity, 
etc., of spur fly-wheels of the 
new construction ^ 250 



Shafts — continited. 

Material, etc., of the main 

shafts 251 

vertical shafts 252 

the Saltaire mills 252 

table of length, diameter, 

etc., of couplings, coupling-box- 
es, etc 261 

Skew bevel-wheels 160 

Snieaton's introduction of cast-iron 

gearing in place of wood 107 

Spur gearing 114 

Straps compared with geared 

wheel-work 100 

materials of which straps are 

made 101 

— — strength of straps 102 

table of the least width of 

straps for transmitting various 
am<>unts of work over different 
pulleys 108 

Tappets, or wipers 76 

Tables relating to straps. Su 
Wrapping connectors : 

wheels. See Wheel-work. 

shafts. See Shafts. 

Teeth of wheels. 8ee Wheel-work. 
Toothed wheels, history of. 108 

Universal joint, bevel wheels pre- 
ferable to 259 

Velocity, to produce a, which shall 
be rapidly retarded, by means 
of link-work 86 

Watt's parallel motion, to con- 
struct 81 

Wedge, the, or movable inclined 

plane 74 

Wheel-work, producing motion of, 
by rolling contact when the 

axes of motion are parallel 56 

idle-wheels 63 

——annular wheels 64 

——concentric wheels 64 

when the axes are not paral- 
lel to each other 61 

— fkce- wheel and lantern 65 

— crown wheels 65 

— to constnict bevel wheels, or 
bevel gear, when the axes are 

in the same plane 6tf 

— to construct bevel gear when 
the axes are not in the same 
plane 68 

variable motions produced by 

wheel-work having rolling con- 
tact 60 

Roomer's wheels » 71 



266 



INDEX. 



PAGB 

Wheol-work — continued. 
—• intermittent and reciprocat- 
ing motions, produced by wlieel- 

work having rolling contact 71 

——' to produce a boring motion 
by a combination of the screw 

and toothed wheels 95 

Wipers, or tappets 76 

Wrapping connectors 40 

endless cord or belt 40 

speod pull<»ys 44 

guide pull-jya 47 

to prevent wrapping connect- 
ors from slipping 48 

systems of pulleys 51 

— — to produce a varying velocity 
ratio by means of wrapping 

connectors 54 

Wheel-work, power of straps com- 
pared with that of geared 

wheel-work 100 

history of toothed wheels 103 

Hero of Alexandria 104 

Ramelli 104 

introduction of cast-iron gear- 
ing 107 

face-wheels and trundles 108 

bevel wheels 66 

causes of the defects of wheel- 
work 109 

—— cutting machine of Messrs. 
Peter F.'iirbuirn & Co., of Leeds.. Ill 

definitions of wpur gearing.... 114 

the pitcli of wheels 116 

table of tlie relation of diame- 
ter, pitch, anil number of teeth, 
for wheels of from 3^ inch to 5 
inches pitch, and from 12 to 200 

teeth 123 

the principles which deter- 
mine the proper form of the 

teeth of wheels 124 

— — construction of epicycloidal 
teeth 129 



PAflB 
Wheel-work — continued, 

epicycloidal teetli. 125 

the rack 136 

involute teeth 136 

Prof. Willis's method of strik- 
ing the teeth of wheels 140 

Prof. Willis, his odontograph, 142 

general form and proportion 

of toothed wheels 146 

table giving the proportions 

of the teeth of wheels in inches 

and thirty seconds of an inch 166 

table of proportions of teeth 

of wheels for average practice... 164 

skew bevel wheels 160 

'— worm and wheel 163 

strength of the teeth of 

wheels....^ 166 

table of thickness, breadth 

and pitch of teeth of wheels..... 168 

table of the relation of horses* 

power transmitted, and velocity 
at the pitch circle, to pressure 

on teeth 172 

table showing the pitch and 

thickness of teeth to transmit a 
given number of horses' power 

at different velocities 173 

table showing the breadth of 

teeth required to transmit differ- 
ent amounts of force at a uni- 
form pressure of 400 lbs per inch. 174 

Wheels and pulleys 99 

Willis, Prof,, his method of striking 

the teeth of wheels 140 

his od(intogmph 142 

Worm and wheel, the 163 

Wrapping connectors 99 

power of straps compared 

with thatof geared wheel- work. 100 

table of the approximate 

width of leather straps in inches 
necessary to transmit any num- 
ber of horses' power 103 




CATALOGUE 

PRACTICAL AND "SCMTIH BOORS, 



EEmT CARET BAIED & CO, 

Industrial Fablishers and Booksellers, 
NO. 810 WALNUT STREET, 



PHlLAWKm'HIA.. 



I" Inj of the Books MmpriBod in thia Oatalognfl will be sent by mill, tree of 

poatage, at the pablini,tioii pTioe. 

r A SeBcriptiTD Catalogue, 96 pAgeB, Sio., nlll bo sent, free of postage, Co uj 

DDE who will tnrniBli the publisher with hia oddre^. 



ABIiOT.— A Complete Chiide for Coaoh Fawters. 
Tnuial&ted from Che French of U. Ablot, Cuacli Painter ; for eleven 
■rears Foreman of Painting io M. Elierler, Coaiih Malcer, Paris. B7 
A. A. Pbsquet, Chemise auil Engiiiet^r. Tu which m ndileit nn Ap- 
Mndix, uuiitiiining Infonnatiou rHEjiectiiiir the Ktateria's nttil the 
Prftcti™ of Coach and Car Painting and Varnishing in the UnTteii 
Stales aod Groat Britain. 12nio $1.25 




HENHY CAREY BAIHD'S CAT.U.O01TE. 
ABBOWSMITH,— Paper-Hanger'a Companioa: 

A Trwilise in wliiph the Practical Ojwraliona of the Trade an Sft- 
Icnuuiually laid clown: withCoiiiuUH Directions Preparatory to nc«^ 
Iuk: PrevelitiTea Biptlnst the Elfeut of Damp on Walls; the Viniu 



Givintt Alii Instructions for Reducing Drafts, as well as the Metliods 
iif l^iHMiliDg and Mahin^ out Hamesg for Croen Drafts, and Finding 
any llwiiiired Iteeii, with CalcolntionB and Tables of Yarn. T 
FliKiirnH-K T. AkhtoS, Designer, West Pitts Gclil, Mass. With 
llli.str.ilions. One volume, Ito (lO.M 



BAIBD.— Letters on the Crisis, the Currency and Qis 
Credit System. 

By Henuv Tahky Ha[ri>. Pamjihlet 

BAIRD.— Proteetion of Homo Labor and Home Pro- 
ductions necessary to the Proaperity of the Ameri- 
can Farmer. 

I!y IIKNUV (.'AEiEY UaIHD. Svo., pajjer 

BAIED.— Some of the Fallacies of British Free-Tradi 
Be venue Beform, 

Two Letters to Arthur Lntham Perry, Professor of History aud Polili 
oal Econuiny in Williams College. By Henry Cabrt BaiR) 
Pamphlet , ~ 



y Hk; 



I'lU 



BAIBD.— Standard Wages Computing Tables : 

An Improvement in all former Metboda of Curapntatlon, so arrsni 
that wages for days, boim, or tractions of hours, at a sjHicified rate , 
day or hour. luajr be ascertuined at a glnnoe. By T. Spanglkb Baii 
Oblong folio 

BAIHD.— The American Cotton Spinner, and Uant 
ger's aud Carder's Guide: 

A Prnttii-al Treatisi' on Cottciii SHpijining ; giTiiiK tlic Dimensions an 
Ri«:ed of Mai'hincrv, Draiij,'lit and Twist falciilntions, etc.; wit 
tes of recent Impros-crai'iits: tORrether wild Rirlea ami Emoiph 
mnbioE changes in the sixes and immberR of Roving and YarOr 
Compiledfromthepaperitorthelate&o&KBTH.BAtKD. 12mo. flJ) 



HENRY CAREY BAIRD^S CATALOGUE. 3 

BAKEB.— Ijong-Span Bailway Bridges : 

Comprising Investigations of the Comparative Theoretical and Prac- 
tical Advantages of the various Adopted or Proposed Tyi>e Systems 
of Construction ; with numerous Formulae and Tables. By B. Baker. 
12mo $2.00 

B ATJEBMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, ^Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By II. Bauerman, F. G. S., Associate of the 
Boyal School of Mines. First American Edition, Revised and En- 
larged. With an Appendix on the Martin Process for Making Steel, 
from the Report or Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. Illustrated. 12mo. . $2.00 

BBANS.— A Treatise on Bailway Curves and the Loca- 
tion of Bailways. 

By E. W. Beans, C. E. Illustrated. 12mo. Tucks. . . $1.50 

BBIiIi.— Carpentry Made Easy : 

Or, The Science and Art of Framing on a New and Improved System. 
"With Specific Instructions for Building Balloon Frames, Barn Frames, 
Mill Frames, Warehouses, Church Spires, etc. Comprising also a 
System of Bridge Building, Avith Bills, Estimates of Cost, and valuable 
libles. Illustrated by 38 plates, com])rising nearly 20(^ figures. By 
- William E. Bell, Architect and Practical Builder. 8vo. . $5.00 

BELL.— Chemical Phenomena of Iron Smelting : 

An Experimental and Practical Examination of the Circumstances 
which determine the Capacity of the Blast Furnace, the Temperature 
of the Air, and the proj>er Condition of the Materials to be operated 
upon. By I. Lowthian Bell. Illustrated. 8vo. . . $6.00 

BEMBOSE.— Manual of Wood Carving : 

With Practical Illustrations for Learners of the Art, and Original and 
Selectefl Designs. By William B em rose, Jr. With an Introduction 
bv Llewellyn Jewitt, F. S. A., etc. With 128 Illustrations. 4to., 
cloth $3.00 

BICKNELL.— Village Builder, and Supplement : 

Elevations and Plans for Cotta«.es, Villas, Suburban Residences, 
Farm Houses, Stables and Carriage Houses. Store Fronts, School 
Houses, Churches, Court Houses, and a model Jail ; also. Exterior and 
Interior details for Public and Private Buildings, with approved 
Forms of Contracts and Si)ecificati«ms, including Prices of Building 
Materials and Labor at Boston, Mass., and St. Louis, Mo. Containing 
75 plates drawn to scale ; showing the style and cost of building in 
different sections of the country, beinj? an original work comprising 
the deRiCTis of twentv leadincr crchitects, representing the New Eng- 
land, Middle, Western, and Southwestern States. 4to. . $l'2.fH> 



4 nKNRY TABBY BAIRD* CATALOGUE. 

BLENKARN.— Practical Speeifleationa of Works e 
outed iQ Architeoture, Civil and Mechanical Bi 
neering, and in Boad Uaking and Severing: 

To which are Hdiiod a iii;ricB of praciicully Bstful Agre^menta mbI 
imrlH. I)y JuiiN Blknkakn. Illuiitraled by 15 large foldiugpl 
JlVo. - 1 



Practical GeniDetrr; I 

mil Solidx ; Tablt^ of the Wtrighta of MeUJi, 
rif Areas and CircumfereiiL-es of Circl»; 

1, CemeBta, CompoditJoi 



BOOTH.—Uarble Worker's Hannal : 

>[ituhihiil Pnu'tittil liifonnntion rrsnectin^ Marbles ir 

UiK, Wurkiiitt, niid PnlinhinB; Veneering of Mat , 

I "XII inn nnd Vim uf ArtiGiunJ Marhle, Stuecos, CemeDts, Kvccilill 
ii., ill., I'tc. Traimlated from the Frencli by M. L. Boom 
li nil A|>|u'ndix uoucvniiug American Murbles. IZma., cloth. 91^ 






till' Iraiikllii liiNiiinii.' i.to.,(is8iH(ed by Campqbi.L Mop.PIt, 
■if "t'hciliii^ikl Miiiiipuliilions," tt*. Seventh edition. Royal 
V't imj^on, with niinienius woolVcats and other illuitrtiljoaa. , 

BOX.~A Praotloal Treatise on Heat: 



(sS 



by H iiliibM i^DlltululllK IH figure: 
BOX.— Praotioal Hydraulics : 

A Riip[m .if Hull's mill TiiMra for 
TlluM.VH Hox. laniii. 



Seven Meahauji 



;, Pri'swti, HnmloKy, ami Miticellniieoui HHchinery ; and indod 
nuiny movcmi-nUi nwiT iipfhre pnblislied, and Bevenil of whloh 
Wily rwBnlly i-omo in' " ■- 

' ''^ Aueriuui Artinan." 



V Hksry T. Bbow.-j, KdiiM ot-' 



M 



HENRY CARE^- BAIBD'S CATALOGUE. S 

BUCKMASTER.— The Elements of Mechanical Phy- 
sics: 

By J. C. BircKHASTER, late Student in the Governinent School of " 
• luoea { Certified Teaclier of Sotence-by the Deportmeat of Seienee 
■and Art; Eituniner in Chemistrp and Physics in the Royal Collwe 

'of Pceoeptors; aod late Lecturer in Chemiatry and Fliyaics of the 

Royal Polvlechnic Institute. Illustrated with numerous engravings. 

In one volume, 12mo $1.50 

BTTIiIjOCE:.— The American Cottage Builder : 

A Series of Designs, Pliioa, and Bpecifioationa, from S200 to $20,000, 
for Homes for Iho People ; together with. Warming, Ventilation, 
Drainage, Painting, and Landscape Gardening. By JoHN BUI.LOCK, 
Architect, Civil Engineer, Mechanician, and Editor of " The Rudi- 
nieiiti of Arcliit<^itnre and Building," etc., etc. Illustrated by T5 en- 
gravings. In one volume, Bvo 83.50 

BUIiIiOCK. — The Budiments of Architecture and 
Building : 

For the use of .\rchiteets, Bnildurs, Draughtsmen, Machiniata, Engi- 
neer-s and Jlctlianies. Edited hy John Biii.i.OCK, milhor of " The 
American Cottuge Builder." lUuatrated hy 250 engravings. In one 

volume, 8vo $3.50 

AUBQH.— Practical Illustrations of Land and Marine 



Showing in detail the Modern Imnroyementa of High and Low Pres- 
sure, Snrfaee Condensation, and Super-heating, together with LBnd 
and Marine Boilers. By N'. P. Bfroh, Engineer. TUustrat«d by 
SO plates, doable elephant fblio, with text . ... S21.D0 

STJBGH.— Practical Rules for the Proportions of Mo- 
dem EngiueB and Boilers for Land and Marine 
Purposes. 

7 N. p. BtriifiH, Engineer. 12rao fl.50 

BtTBGH.— The Slido-Valve Practically Considered. 

" N. 1'. Bv-Rnil, Engineer. Comjiltttly i II li si ruled. Vhno. ¥2.00 



ji from the Ninth English Edition, aa published 
IT the Manchester Reciprocity Association. In one volume, 12nio. 
^per, 76 els. Cloth !1.25 

BYBir.— The Complete Practical Brewer : 

■Or Plain, Accurate, and Thorough Instructions in the Art of Brewing 
Seer, Ale, Porter, including the Procesii of making Bavarian Beer, 
-all the Small Beers, such as Rnot-!jeer, Qinger-pop, Sarsaparilla- 
heat. Mead, 8j>ni<:e Be<:r, etc., tte. Adapted to the use of Publte 
•Brewers and Pi-ivulc Eninilies. By M. I.A Faybttb Bybn, M.D. 
'Vith iltustmtions. i2mu CI.2S 



HWniT CARry batrivs ckr.KwmsK. 

BYBN .— The Complotfl Pruotieal DiattUer: 



BYRHS.— Huidboolt for the Artisan, Hechanic, and 
Bnglneer : 

l\im|>rl<liiu llii'tirliidliiKOiiii F41iiir]>diiii)r of Culting Tools, AbrUT^ 
IVhv»*i><, lrfi|ililiiry Wiirk, lliiin iliii] iJlitun Kiii,'raving, VarnisliiBtf 
rtliil l,iiok|irmiI, Ai«l«iriitiiB, Miiloriuli umJ I'lVK-u-s-tea ior UrioUinE uA 
IMitlitiHr, I'll', lly t'l.lVKH liYliNli. llliifitraled by IS5 wooden— 
(rfUVliigi, 111 oin' 4i'liiuio, Nvu IS.Oir' 

BTtlNS.— Pookot Book for Eailroad and CHvU Bngi- 
ns«ri 1 

CiihUiIuIhk Nf" ' "I ' I -i-i- Mi-lhnda for laying onl S^- 

ruwl ("urvm, ?<"■'■ '■ ' '■ '"■ '■■■', mitl CroHsinee; the Sttkiog 

mil nrwiirk; l.l■^■' ' 'i' il iii"" of CuiiingB; EmhenkmeiitiJ 

KuMh'Wdrk, ri.' lii I'luii: l:^l:^K. IKiiio., full bgnnd, pooket 

bunk Hirni ll.TS 

BYHITB.— The Praotloal Model Calaulator: 

Vwr tlip I'iiiirtnwi-, M«ilmiilc Miiimfiicliirrr of Undine Work, Naval 
An'liltr--t. Mitwr, ftn.l MillwriKlil, Hy Oi.iVEii Hyrke. 1 volume, 
HVii., Hiwily WW imp« $iM 

BYRNK,— Tho Praotioftl Metal-Worker's Assistant: 
i>miiiri«l>iK Mvtnlltiitiv rlirmi-iry : \U<- Arc nf Wi.rkiuj; oil Metata 
Mltil Alloyi Fnrgillgor Iri'ii ii"'i ^ui I ; lliink'niiiK mid Tempering; 

M.>l«ll|tiUlllMl\W! CmUnK :M,.l y uil;- »i>rksiiiSlipetMGtd; 

Tlw" IViHiMnwi IV-lielHlont ."I (li.- PluhIkj ..f lliv Molals; Soldering; 
ani) the miwl Improvwl I'l-n— -i- ii"'i i'linK I'mtiloyed by Metil- 
Workfi*. WItJi thi. A|.n'U™ii-ii "!■ II"' Arr :,f W^ctm-MeULllurey W 
UHiiiinti'dirtnu PnweWMj mllcch-d IVotii Orljniiul Sources, and fhiio 
Iha Workii vt lt<il(M|iflu, Ilaigvraii, l^ujiolil, Plumier, Nn^r, 
Rwilftm, fifty, riJrWm, »iid Mliari. Br Ouvek Byrsk. a a«w, 
KTlint, mill ImiiTDVwl odiUoii, W whiph is added An Appendix, mii-_ 
Witlitit Tmr MANVfA^TiiRB or Ri^RWAN Shkbt-Ibon. Br Jossi 
Pkw'V, M.n„ fMl.S. TtiK JlAScrAcTtmR Of Mallbablr IWW. 
Taptiniw. lUid Imi-bovkmrnts IK Ukssbmsr Steel. By a. A. 
Vmi}lTKV, OWmliit will Knainw- *''"• "*" ^00 Eiigravines, Ula* 
mUnc uv«i7 Unuisli of iIm l4uttii«L Svo. .... Iff^ 

iaM Maker's Album of Furniture : 
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CALLINGHAM.— Sign Writing and Glass Emboss- 
ing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callingham. In one volume, 12mo $1.50 

CAMFIN.— A Practical Treatise on Mechanical Engi- 
neering : 

Comprising Metallurgy, Moulding^ Casting, Forging, Tools^ Work- 
shop Machinery, Mechanical Manipulation. Manufacture of Steam- 
engines, etc., etc. With an Appendix on tne Analysis of Iron and 
Iron Ores. By Francis Campin, C. E. To which are added. Obser- 
vations on the Construction of Steam Boilers, and Remarks upon 
Furnaces used for Smoke Prevention ; with a Cnapter on Explosions. 
By R. Armstrong, C. E., and John Bourne. Rules for Calculating 
the Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nice A. Management of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking, and Ex- 
pansion. And the Case-hardening of Iron. By G. Ede. 8vo. Illus- 
trated with 29 plates and 100 wood engravings . . . $6.00 

CAMPIN.— The Practice of Hand-Turning in Wood, 
Ivory, Shell, etc. : 

With Instructions for Turning such works in Metal as may be re- 
quired in the Practice of Turning Wood, Ivory, etc. Also, an Appen- 
dix on Ornamental Turning. By FRANCIS CamPIN ; with Numerous 
Illustrations. 12mo., cloth $3.00 

CABEY.— The Works of Henry C. Carey : 

FINANCIAL CRISES, their Causes and Effects. 8vo. paper . 25 

_ HARMONY OF INTERESTS : Agricultural, Manufacttiring, and 
Commercial. 8vo., cloth $1.50 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey^s " Prin- 
ciples of Social Science." By Kate McKean. 1 vol. 12mo. $2.25 

MISCELLANEOUS WORKS : comprising " Harmony of Interests," 
" Money," " Letters to the President," " Financial Crises," " The 
Way to Outdo England Without Fighting Her," "Resources of 
the Union," "The Public Debt," "Contraction or Expansion?" 
" Review of the Decade 1857-'67," " Reconstruction," etc.. etc. 
Two vols., 8vo., cloth ^10.00 

PAST, PRESENT, AND FUTURE. 8vo $2.50 

PRINCIPLED OF SOCIAL SCIENCE. 3 vols., 8vo., cloth $10.00 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
ists, and How it may be Extingui8he<l (1853). 8vo., cloth . $2.00 

LETTERS ON INTERNATIONAL COPYRIGHT (1867) . . 50 

THE UNITY OF LAW : A« Exhibited in the Relations of Physical, 
Social, Mental, and Moral Science (1872). In one volume, 8vo., 
pp. xxiii., 433. Cloth $:i50 

CHAPMAN.— A Treatise on Bopemaking : 

As Practised in private and public Rope yards, with a Description 
of the Manufacture, Rules, Tablos of Weights, etc., adapted Ut the 
Trades, Shipping, Mining, Railways, Builders, etc. By Robkrt 
Chapman. 24rao $1.50 



COIiBUHH.— The Locomotive Engine ; 

liielmiiiii; ri Il1wr4jti1.11 DfiU-t^iriiuiure. lluk'slbr Estimnting its Ca 
bill tita, anil IV.iitital Obsenatioua i)n its riinstnictiou and Mana 
nient. By Znu.vu LdLBUliN. llluatnili.-il. A iii>n edilioo. 12mu. SI 

CHAIK. — The Practical American Millwright a: 

Miller. 

Gy David Cuaik, Millwright. IIIusi™te<l by numcrons n-owJ si- 
gruvliLgs, and twu folding pliites. Svu ^.0 

DE GRAFF.—The GeometricBl Stair Builders' Guide 
Being a Plain Practical Syslem of Hand-Railing, enibracin^it all 
iimeasory DeUiils, and Ueometrically Illustrated by 22 Hieel Eagr, 
tags ; taigether vith the use of the moat approviid principles of Pi 
tical Geometry. By 81HOS Ue Graff, Architect. 4t<j. . i^ 

DE KONIN'GK.—DIETZ.— A Practical Manual of Che^ 
mical Analyaia and Assaying 1 

As applied to the Maniifactnri) of Iron from its Ores, and to Costlrra. 
Wrouglit Iron, and Steel, as found in Commerce. Bv L. L. Da Kow* 
INCK, Dr. He., and K. DiETZ, Engineer. Kdited with NiiteB, by Robbir 
ilALLET, r.K.8., F.3.G., M.I.C.E., etc. American Edition, Editw 
with Notes and an Appendix on Iron Ores, by A. A. Fks<ifbt, Chen^ 
aad Engineer. One volume, 12mQ. . , . ~~ —^ 

DUNCAM".— Practical Surveyor's Guide: 

Containing the necessary infiinuatioD to make any person , of eommoil 
capacity, a finished land surrevor without the aid of a teacher. " 
Andrew Dcscan. niaatrated. 15mo., cloth. ... $ 

DUPLAIS.— A Treatise on the Manu&cture and Sis* 
tillation of Alcoholic Idquors : 

Corapriaing Aeeurate and Complete Details in Regard to Alcohol fron 



Wine, MolasBes, Beet^ Grain, Kice, Fotntovs, Sui^hum, Asphodd 
Fraita, etc. ; with the Distillation and KectiliciatioD of Brandy, Whi 
key, Rum, Gin, Swiss Absintlie, etc., the Prcpanttinn of Aromntie W^^ 
(era, VolatUe Oils or Essences, Sngars. Syrups, Aromatio Tinef — 
Liqueurs, Cordial Wines, Eifervescins Winea.ele., the Aging of Bi 
ajid the XuiprovemeDt of Spirits, wiui Copiotu threotioiis and T 



s, VolatUe Oils or Essences, Sngars. Syrups, Aromatio Tinetnra 
j._,,„... ^^ .,.. . ., . - jfB,^ 

'ranria 

and Edited from the French of MM. Ditplais, Ain« et Jenne. 
M, McKensik, M.D. To which are added the ifnited Stales ~ 
Revenue RegolationB for the Aaeessraent and Collection of Taxes' -^^ 
Distilled Bpirita. Tllnntrated by fourteen folding plates and serm 
wood engravings. 743 pp., 8yo $1031 

DUSSATTCE.— A General Treatise on the Manu&ctun 
of Every Description of Soap ; 

Conipriaing the Chemistry of the .4r(, «-ith Remarks on Alkalies, St 
poniflable Fatty Bodies, the apparatus nect-ssary in a Soap Faown] 
Practical Instructinnx iji the manufacture of the various kinds of Bo< 
the assay of Sows, etc., etc. Edited from Notes of Larra^, Fontencj 
Malady re, Datour.antl «thera,with laree aii<I important addltioMl 
Prof. H. DOBSABCB, CVvamisl. IWaaUajSli. \o.Qae')oV.,R>ia. . (!& 



D'S CATALOGUE. 

DUSSATJCE.— A General Treatise on the Maniafaetui-e 
of Vinegar : 

TheDn>tii:iil luiil Pructicol. Comprising the various Methods, bv the 
Blow and tiiD Quick Processes, with Alcoliol, Wine, Oruin Malt, Older, 
Molasses, and licotfl ; as well as the fabricalioQ of Wood VinegBr, etc., i 
Bto. B/Prof. H. UussAUCB. In one volume, 8to. . . 45.00 
PUBSAITCE.— A New and Complete Treatise on the 
Arts of Tamtiiig, Currying, and Leather Dressing: 

Comprising all the Discoveries and ImprovementK madu in Franee, 
Great BritutQ, and the United States. Edited t'roni Notes and Docu- 
meats of Messrs. Sallerou, Grouvelle, Duval, Dessahles, tflbarraqite, 
P«yea, Keof, De Fontenelle Malapeyre, etc., etc. Bj Prof. H. DU6- 
SAUCK, Chemist. Illustrated by 213 wood engravings. 8vo. 126.00 

JJTJSSATJCE.— A Fractioal Guide for the Perfumer : 
Being a New Treatise on Perfamerr, the most tavorable tn theBenlity 
without being injurious to the Health, cumprising a Description of the 
substances used in Perfumery, tho Formulse of more than 1000 Prepa- 
rations, such iia Cosmeticj, Perfumed Oils, Tooth Powders, Waters, 
Extracts, Tioctures, Infusions, Spirits, VinaiEres, EesenCiol Oils, Pas- 
tels, Creams Knatis, and many new Hygienic Products not hitherCd 
described. Edileit I'rtmi Notes and Documents of Messrs. Debay, La- 
nel,etc. With additions by Prof. H. Ditssauck, Chemist. 12mo. $3.00 

DITSSAIJCE.— Practical Treatise on the Fabrication 
of Matches, Gun Cotton, and Fulminating Powders. 

By Prof. H. Dn^ATTCE. 12mo t3JW 

Dyer and Color-maker's Companion : 

Containing upwards of 200 Eeeeijita for making Colors, on the moa 
approved principles, for all the various styles and fobries now in eiis< 
enee; with tho Scouring Process, and plain Directions for Prepurinj 
Washing-off, and Finishing the Goods. In one vol., 12mo. , tl.2 

EASTON.— A Practioal Treatise on Street or Horse- 
power Bail ways. 

Bv Alexander Easton, C. E. Illustrated by 23 pintes. 

cloth 82.00 

EIiDEB.— Questions of the Day: 

Economic and Social. By Dr. Wtl.LtAM Elder. 8vo. . S.'i.OO 

FAIBBAIHN.— The Principles of MeehaDism and Ma- 
chinery of Transmission : 

CompriKiiiE ihe Principles of Mechanism, Wheels, and Pulleys, 
Strength and Pro)>nrlion3 of Shafts, CouplioR of Shnfm, and EiiKafiing 
■nil Disengaging Gear. By Sir William Faiebairn, V.K., Ll,.l)., 
PJl,S., F.G.8. Beantifnlly illustrated by oyer IGU wood-oute. lu 

„.OBe ytaume, 12mo *2.50 

VOKSYTH. — Book of Designs for Headstones, Mural, 
and other Monuments : 

Containing 7« Designs. By JaMBS Firsytk. With an Introducfioi 

by Charles BouTKLL, M. A. 4(o., cloth 45.0( 



HENRY CAREY BA1R1)« CA¥ALOG0fe 
GIBSON. — The Amerioan Dyer: 

A rrnctionl Tmitise im tliB CnlorinK of Wc.ol, _ „, . 

Cloth, in three parts. Part First gives a descriptive accouDt of . 
Dye StuK ; if of Twtsble origin, whpre prodaced, how cultinM 
u>d hoiT prepared for one; if cbemiml, Ih^ir eoFopoeiti 
gr«YitJea, and geneml adBplsbilitr, how adulterated, and 
tect tha BdnlterationB clc. Part Second ia devoled W the Coloring ( 
Wool, giving recipes ibr one hundred and twenty-nine different o<3o 
or aliadea, and i^ mpplied with idity colored samples uf WodI. Pij 
Third is devoled to the Cttloring of Raw Cottnn or Cotton Waste, JU 
mixing with Wool Colors in the Mannlitctare of all kinds of PabtiK 
Kives recipes for thirty -eight different colors or ehadea, and is supplia 
with twenty-four colored saiuples of Cotton Waste. Also, recipes A 
Coloring Beavers, Doeskins, and Flannels, with remarks upon Am 
lines, giving recipes for fiiteen different uolors or shades, and nip 
samples of Aniline Colors tbat will stmid both the Fulling and Sooitf 
ing pmeess. Also, recipes for Aniline Colors on Cotton Thrtud, and 
recipes for Common Colors on Cotton Yarns. Embracing in all ovet 
........... ., _______ ,_.^.., ^ =,L-.. ;. -^-— -Tour8amiiI« 



L'ul Ilyer and Chemist. In oi 



'S 



GIIiBABT. "History and Priaciplas of Banking : 

A Praetical Trvatisc. By .TaMES W. Gii.baht, lale Manager of _.. 
London and Westminster Bunk. Wilb additions. In one volUBil 
8vo., 000 pages, sheep . . . , 



Gothic Album for Cabinet Makers : 

Cjimprising a Collection of Designs for Gothic Fnruitnre. Ill 
by 33 large and beautil'ully engraved plates. Oblong . 

GBANT. — Beet-root Sugar and Cultivation of ths 



GHEGORT.— Mathematics for Practical Men : 

Adapted to tlie PiirHiiIls of Surveyors, Architects, Mechanic 
Civil Engineers. Bj- OlintHus Geeooby. Sto., plaits, cloth 



cuwi uiiuiiiiies and Angles, and all Necessary Tables for 
ueera; also the art of Levelling from Preliminary Survey to the y 
Btraolion of Railroads, intended Expressly tbr (he Youne Engini 
together with Numerous Valuable Rules and Eiamples. By 
Qhiswold. 13mo., tuolia $1. 

GETJNEB.— Studies of Blast Fumaee Phenomena, 

Bv M. L. Gbuneb, President nf the General Council of Mu.^ 
France, and iatelv Professor of Metallurgy at the Ecole des Mhii 
Trim slated, with llie Author's sanction, with an Appendis, by L.D,'. 
Gordon, F.R. 8. E..F.O,S. Illustrated. 8vo. "■ 
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GUETTIEB.— Metallic AUoys: 

Being a Practical Guide to their Chemical and Physical Properties, 
their Preparation, Composition, and Uses. Translated from the 
French of A. Guettier, Engineer and Director of Foundries, author 
of " La Fouderie en France," etc., etc. By A. A. Fesquet, Chemist 
and Engineer. In one volume, 12mo $3.00 

HABBIS. — Gas Superintendent's Pocket Companion. 

By Habris & Brother, Gas Meter Manufacturers, 1115 and 1117 
Cherry Street, Philadelphia. Full bound in pocket-book form $2.00 

Hats and Felting : 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . . $1.25 

HOFMANN.— A Practical Treatise on the Manufac- 
ture of Paper in all its Branches. 

By Carl Hofmann. Late Superintendent of paper mills in Ger- 
many and the United States ; recently manager of tne Public Ledger 
Paper Mills, near Elkton, Md. Illustrated by 110 wood engravings, 
and five large folding plates. In one volume, 4to., cloth: 398 
pages $15.00 

Hughes.— American Miller and Millwright's Assist- 
ant. 

By Wm. Carter Hughes. A new edition. In one vol., 12mo. $1.50 

HTJBST.—A Hand-Book for Architectural Surveyors 
and others engaged in Building: 

Containing Formulae useful in Designing Builder's work. Table of 
Weights, of the materials used in Building, Memoranda connected 
with Builders' work, Mensuration, the Practice of Builders' Measure- 
ment, Contracts of Labor, Yaluation of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. F. Hurst, C. E. Second 
edition, pocket-book form, full bound $2.50 

JEBVIS.— Bailway Property : 

A Treatise on the Construction and Management of Railwavs ; de- 
signed to afford useful knowledge, in the popular style, to the Iholders 
of this class of property ; as well as Railwav Manaijgers, Officers, and 
Agents. By JOHX B. Jervis, late Chief Engineer of the Hudson 
River Railroad, Croton Aqueduct, etc. In one vol., 12mo., cloth $2.00 

JOHNSTON.— Instructions for the Analysis of Soils, 
Limestones, and Manures. 

By J. F. W. Johnston. 12mo 38 



Pnetieal Oantfag: ^| 



XIIMB.-A Ilnnd-Book of Pnetieal Ossctas 



XHLIiRY. Spooohoi, AddreaM*. and Z^cten «■ 1 

duHlrlal and Fliianolftl QueMioiu. 
Ilv ll.>ii Wlll.UM l>, Kl',l,l.*<T, M. r. In MM nj>»e. &M MM 

OVii, , K 

KHNTimt. A Treotlio on a Box of Xiutmmaili, 

^iiil <l>.' I'M,' «>ili' ; wiLli lliK TlirH.rr i>( TrigiwoaeltT' Md La 
■ iiliix-, ln>'lii<lliiu I'mi'lli'iil (iuiiiriFtrr, MunrRvinK, Mt— liwe af T 
l».i,r..k iu.a ^T)lU 11.11111I11M. lli.lul>u, -lid DlMMBce^ l7nnM 



itiiN [ Hlliiorftlogjr simplified: 

"' "' 1 ImIok null (;lii«lrylNK Mineral*. )>v mm 

.|.<'.lni.'i.t- i>i 111.. W.'l W»v. Tn«i>l>ib^ft« 

iiLii I Jiiii'N III' F, VoK Kuiiui.i., with on lulroaludlao b 
III.I.I.I.I 1111.1 i-iliur luUlliluiiK. By llRNRi KKst M.D; 
iiiiiiliiL, Iti'iHkrfmi'nt at Agrloulture, author of " (W " 
■II," III Kuci viiluinK, ISino, . . , . t 



•ri-riiltHr- nn Rtr^r! : 



'niotiiail Wiirtini 
;iDo<-r. TranHlaU 

L' Miirliii 

I H. Ilowltt, llnil 



LAHKtN, The FrooUoal Brau and Iron Founded 
Q\\\\\v I 

A n»ii'la<' rn>H<l<i>i>ii llmHFnimdluii, Mciut<llnK,thoMcUUBj)dlhi 
\lli>ir <>ii'. . ti> wlili'li HrvmliM Kwviii InipruvKiuHnta <ii Uie Uu' 
ni.<lim' ..r ln.ii,rti.Hi| liy iliu lUwwmiDr l-rocesB oW., cW. By Jami 

■' -ifS 



timfll' A l^lV IViMi Wurki. l'htlKdpt|ihlK. Klfth ccjitiou, n 
lltl KltMuilvu ml'llllxiiii. hi uuu vuiiiinv, lauiu. 

)A VtTT. F«ota about P»at as aa Article of Fui 
villi It.iiiiirko uiHxt IM Orlgtu tmil CompualtiDn, Ihe Locali 

>|<I, Ui« Mrlllnlii of I'n>n)intdfln and Manubcture, and 
pa lit \>hlah U U iqtplluttble t toKvlher with many oilier 
'ilivl and Mculllki liilonM. To which in addnJ a chap- 



WxiMlix I'ltllwIliuiiimiKl IlHit viDi PrtH nirthe Produclian of i 
t'U.'rlliriil h'livl at Miii).<rHlP dwl, nwclallr wlNUtnl Tor Smuu Senrl 
Bj'T. 11. l.K*vi-rr. Tlilrd wtitlui ■■- — 



[_ 
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' Compriaing Practical MechanicB, with RuJca and Calculatiaag applied 
'to Bpjnninp Strtiiig Cleaning, and Scouriug Wools; the English 
anil Trench mtthods of Conihlng, Drawing, and Spinning Worsteds 
and Manufactnnnn (.ardcd YiirnB. TranHlated &oni the French of 
Charles LpnOLX. Meebunical Eogiaeer, and Siiperinlcndent of a 
emuniug Mill by HOEATIO PAlNE, M. D., and A. A. Fesqukt, 
Cncmiat an I Lii^ineer Illustrated by 12 large Plates. To which is 
added an Appui lix eontauiing eitraola from the Reportaot'theloter- ■ 
national Jur> , and of the Artisans selected hy the Committee appointed 
by the Couucil of the Society of Arta, LoodoD, on WooUeu and Worsted 
Machinery and Fabrics, as exhibited in the Paris Universal Expoai- 
timx, IS67. 8vo., clott *o.00 

IiESIiIE (Misa).— Complete Cookery: 

Directions for Cookery io its Various Braiichea. By Misa Leblik. 



., cloth. 

LESI.IE (Miss).— Two Hundred Eeoeipta in French 
Cookery. 

Cloth, 1211111. 

I.IEBEE.'Assayer'B Guide: 

Or, Pntctical Direotions to AaaayerB, Miners, and Smellers, for the 
Tests and Assays, by Heat and by Wet Processes, for tlie Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, iiad of 
Coal, etc. By ObCar M. Liebeh. l^mo., ninth. . . f 1.36 

IiOTH,— The Fraotical Stair Builder : 

A Complete Treatise on the Art of BiiildiuR Stairs and Iland-Rans 
Designed for Cariieiiters, Biiildeni, and Stuir-Buildora. lilnstratcd 
with Thirtv Ori^nal Plates. Bv C. Edward Loth, I'roiessional 
Stair-Builder. One large 4to. vollime JIU.IX) 

LOVE. — The Art of Dyeing, Cleaning, Scouring, and 
FLnishine, on the Most Approved English and 
French Methods: 

Being Practical Instructions in Dyeing Silka, Woollens, and Cnttoas, 
Feathers, Chips, Straw, etc. Scouring and Cleaaine Bed and Window 

. Curtiuus, Carpets, Rugs, etc. French and English Cleaning, any 
Color or Fabric of Silk, Satin, or Damask. Bv ThoiCas Lovb, a 
Working Dyer and Scourer. Second American Edition, to which are 
added Genera! Instructioas for the Use of Aniline Colors. In one 

. .volume, 8vo., 343 pages. tS.UO 



H HEfJIlY CAREY BAIRDS CATALOGUE. 

WAIN and SHOWN.— QuestiocB on Subjects 
nected with the Marine Steam-Engine : 

And EiQininQtion Pa|icra : with Miola fur tlicir Solution, fiv Tho!__ 
J. Main, Professor of Mutlieiu alius, Rovul Kuval LUillege, anii THOMA8 
BboW.n, Chief Engiueer, R.N. 12 mo., cloth. . . . (1.3 

MATT? and BHOWN.— The Indicator and Dynamc 
meter: 

With their Practical Applicationa to IheSternn-Engitie, Bj-Thomj 
J. Mais, M.A.F.R., A-siBtant Profesaor Ri.yftl Naval Co] 1^, Port 
inouLh, and Thomas Bbown, Amoc. Inst. C. E., Chief Enirineer, R 
N., altupliL-d to the Bfiyal Naral CollEge. lUustnUed. Prom tl>i 
Foiinh London Edition. 8to fl. 



KAIir and BBOWN.— The Uarine Steam-Bngine. 

By Thomas J. Mais. F. R. ; Assistant S. Mothemalienl Professor ■( 
the R^yal Navnl Callegu, Portsmouth, and Thomas Brown, AmoCK 
Inrt. C. E., Chief Engineer -B.. N. Attached lo Ihe Rujal Kaval Col^ 



e volume, 8vo. 



KABTIN.— Screw-Cutting Tables, for the Use of Me- 
chanical Engineers : 
Showfii^; tlic Proper Arrani;ement of Wheels for Cuttiii(t the Thraadi 
of Screws uf miy ri'quirert Pitcli ; with a TaUle for Mnkiiig the Uni* 
veraal Gaa-Pipc Thread and Taps, By W. A. MARTIN, Enginf— 



ingpla 
tion of Wufld and Metals, includiug Canting, Forging, Bra 



X 



a L. MuLtaWOKTH, Member of the Institution of Ciril 
Engineers, Chief Iteaideut Engineer of the Ceylou Railway. Se 
Americui, from the Tenth Uondon Edition. In one volume, ._ 
bound in pocket-book form S2.Da 

ITAPIER.— A System of Chemistry Applied to Dyeing. 

By Jameh NAriEB, p. C. S. A New and Thoroughly Revised Eiii-' 
IJou. Completely brought up to the present state of the Science, Inohi- 
■' -.-..■... --^ - by A. A. Febqpbt, Chemist 

eingand Calico Prinlfng, «■ 
.mn. ItliistratciL In ona 
■ ■ . . f6.W 
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KAFIEB.— Manual of Electro-Metallurgy : 

Including the Application of the Art to Manufacturing Processes. By 
James K apier. Fourth American, from the Fourth London edition, 
revised and enlarged. Illustrated by engravings. In onti vol., 8vo. $2.00 

NASON.— Table of Reactions for Qualitative Chemical 
Analysis. 

By Henry B. Nason, Professor of Chemistry in the Rensselaer Poly- 
technic Institute, Troy, New York. Illustrated by Colors. . 63 

NEWBEBY.— Gleanings from Ornamental Art of 
every style : 

Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and >ther Museums, the Exhibitions of 1851 and 1862, 
and the best Engliuii and Foreign works. In a series of one hundred 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 4to $15.00 

NICHOLSON.— A Manual of the Art of Bookbinding : 

Containing full instructions in the different Branches of Forwarding. 
Gilding, and Finishing. Also, the Art of Marbling Book-edges ana 
Paper. By James B. Nicholson. Illustrated. 12mo., cloth. $2.25 

NICHOLSON.— The Carpenter's New Guide: 

A Complete Book of Lines for Carpenters and Joiners. By Peter 
Nicholson. The whole carefully and thoroughly revised by H. K, 
Davis, and containing numerous new and improved and original De- 
signs for Roofs, Domes, etc. By Samuel Sloan, Architect. Illus< 
trated by 80 plates. 4to. $4.50 

NOHKIS. — A Hand-book for Locomotive Engineers 
and Machinists: 

Comprising the Proportions and Calculations ifor Constructing Loco- 
motives ; Manner of Setting Valves ; Tables of Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, Civil and Mechanical Engineer. 
New edition. Illustrated. 12mo., cloth. .... $2.00 

NYSTROM.— On Technological Education, and the 
Construction of Ships and Screw Propellers : 

For Naval and Marine Engineers. By John W. Nystrom, late Act- 
ing Chief Engineer, U. S. N. Second* edition, revised with additional 
matter. Illustrated by seven engravings. 12mo. . . $1.50 

O'NEILL.— A Dictionary of Dyeing and Calico Print- 
ing: 

Containing a brief account of all the Substances and Processes in use 
in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Ana- 
lytical Chemist ; Fellow of the Chemical Society of London ; Member 
of the Literary and Philosophical Society of Manchester ; Author of 
'* Chemistry oif Calico Printing and Dyeing." To which is added an 
Essay on Coal Tar Colors and their application to Dyeing and Calico 
Printing. By A. A. Fesquet, Chemist and Engineer. \Vith an Ap- 
pendix on Dyeing and Calico Printing, as shown at the Universal 
Exposition, Paris, 1867. In one volume, 8vo., 491 pages. . $6.00 



O ETON.— Underground Treasures: 

lIoiT an.l Wlirri' t.i Fiii.i Tlieni. A Kev f<ir the ReadT DeWrminitioi™ 
or All the Li-ofiil Miiionila nithiii the United Saitea, By J.m g^M 
ObtoK, a. M. illuatrutc-d, Vlaia ^l^CIZ:^ 

OSBOBN.— American Mines and Mining; 

ThMireliwilty tiiiii Pr.ittii^ally Cnsiilered. Bv Prc.f. H. 9. ObbobiT-^ 
llJuatrftled 1>J numerous engmviugs, bvo. {/n prcjmratiun,) 

OSBORIf.— The Metallurgy of Iron and Steel: 

TheoreL"™! «u<l PriuMi.^1 ill all its Bnioehes; wilh siJccial Tvfen 
to Americmi Muturials aiid Processes. By H. S, Osburs, LL. D* 
Professor of Miuing and Metallnrgy in Laf 



jifeyetl* College, Eastm 
large folding plates am 



OVERMAN.— The Manufacture of Steel : 

ConlaiLiiug the Pmctiiie and Prioeiplea of Working and 

A Handbook for Blockamiths and Workers iu Steel an , ..^.„ 

Makers, Die SLikera, Cutlers, and Maouiiictnrera of Files and Hard- 
ware, of Steel and Iron, and for Men of Scienoa and Art. Bj- Frb* 
ERIOK OvERMAi'C, M'niug Eugiiieer, Antlior of the " Manulactnre w 
Iron," stu. A new, enlurged, and reviacd Edition. By A. A. Febqub^ 
Chemist and Engineer. tl Jl 

OVERMAN.— The Moulder and Founder's Foobd 
Quide: 

A Treatise on Moulding and Founding in Green-aand, Drj-sand, Imiun^ 
and Cement; the Moulding of Machine Framus, Mill-gear, Hollo* 
ware, Ornamenta, TrinketA, Bells, and Statues ; Ueacription of UonM 
fur Iron, Bronze, Brass, and other Melals ; Plaster of Paris, Su^biQ 
Wax, and other articles commonly nsed in Casting; the ConstrDotfa 
of Melting Furnaces, the Melting and Founding of Metals ; the Con 

KisiCiou of Alloys and their Nature. With an Appendix contai ' 
eceipta for Alloys, Bronze, Varnishes and Colore for Castings; : 
Tables on the Strength and other <|nalities of Ca£t Metals. By Fust 
BRICK OyBHHAN, Mining Engineer, Author of " The Manu^tiur 
of Iron." With 43 Illustrations. J2mo SU 

Painter, Gilder, and Varnisher's Companion : 

Containing Rules and Regulations in everything relating to the Al 
of Painting, Gildini;, Voinishinj;, Glaas-Stainiug, Graining, Morblinf 
Sign-Wriling, GildinR on Glass, and Coach Painting and Varnishing 
Tests for Ihp Dett-otion of A.lulterations in Oils, Colors, etc.; af*^ 
Slatcnifnt iif thi> nisfasi-s In iihich P:iintcra are iieculiarjy liable, n 
theSimi^lestand lli'st Itfmedifs. Sixteenth Edition. Bevisoa, 1 
an Apppiiilix. CoTiUiiiiin^' (Vilors and Coloring- Theoretieal 
" -' ■■ ■-■■■■■ 'I— riptiima of a great Tarieto of Additit 



Pigments, their QiialitLes and Uaes, Ui which are added, Dryera, 
Moiics and Operations of PaLotine, etc. Together with CUr" 
Prlniiiplea of Harmonyand Contrast of Colors. 12mo., cloth. 
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X^ALLETT.— The Miller's, Millwright's, and Engineer's 
Guide. 
By Henry Pallett. Illustrated. In one volume, 12mo. $3.00 

PERCY.— The Manufacture of Russian Sheet-Iron. 

By John Percy, M.D., F.R.S., Lecturer on Metallurgy at the Royal 
School of Mines, and to The Advanced Class of Artillery Officers at 
the Royal Artillery Institution, Woolwich ; Author of " Metallurgy." 
With Illustrations. 8vo., paper 50 cts. 

PERKINS.— Gas and Ventilation. 

Practical Treatise on Gas and Ventilation. With Special Relation to 
Illuminating, Heating, and Cooking by Gas. Including Scientific 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By E. E. Perkins. 12mo., cloth $1.25 

PERKINS and STOWE.— A New Guide to the Sheet- 
iron and Boiler Plate Roller : 

Containing a Series of Tables showing the Weight of Slabs and Piles 
to produce Boiler Plates, and of the Weight of Piles and the Sijses of 
Bars to produce Sheet-iron; the Tliickness of the Bar Gauge in 
decimals ; the Weight per foot, and the Thickness on the Bar or Wire 
Gauge of the fractional parts of an inch ; the Weight per sheet, and 
the Thickness on the Wire Gauge of Sheet-iron of various dimensions 
to weigh 112 lbs. per bundle ; and the conversion of Short Weight 
into Long Weight, and Long Weight into Short. Estimated and col- 
lected by G. H. Perkins and J. G. Stowe $2.50 

PHILLIPS and DARLINGTON.— Records of Mining 
and Metallurgy; 

Or Facts and Memoranda for the use of the Mine Agent and Smelter. 
By J. Arthur Phillips, Mining Engineer, Graduate of the Imperial 
School of Mines, France, etc., and John Darlington. Illustrated 
by numerous engravings. In one volume, 12mo. . . $2.00 

PROTBAXJX.— Practical Guide for the Manufacture 
of Paper and Boards. 

By A. Prote AUX, Civil ^ngineer, and Graduate of the School of Arts 
and Manufactures, and Director of Thiers' Paper Mill, Puy-de-D5me. 
With additions, by L. S. Le Normand. Translated from the French, 
with Notes, by Horatio Paine, A. B., M. D. To which is added a 
Chapter on the Manufacture of Paper from Wood in the United 
States, by Henry T. Brown, of the " American Artisan." Illus- 
trated by six plates, containing Drawings of Raw Materials, Machi- 
nery, Plans of Paper-Mills, etc., etc. 8vo $10.00 

REGNAXJLT.— Elements of Chemistry. 

By M. V. Regnault. Translated from the French by T. FORREST 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and Wm. L. Faber, Metallurgist and Mining 
Engineer. Illustrated by nearly 700 wood engravings. Comprising 
nearly 1500 pages. In two volumes, 8vo., cloth. . . , $7.50 




—A Fraotioal 
PorUand Cement 
Bj ilK^BV Rbip, ('. E. To nhich b added a Translation of M. A. 
Liti»«ilx'* Wnrk Jeacribitig a New MrCliod uiIoiiCfiI in GeFmBar foE 
Uiaubcturinc tiuU. Cement, by W. I'. lieio. Illustrated by ptatea- 
■ntl woikI mgnTJti^ Svo i9.<A 

arPPAUI-T, VEKQNAUD, and TOUSSAINT. 
Practical Treatise on the Manufacture of Var- 
nishes. 



BIPPAULT, VEBGNAUD, and TOUSSAINT.— A 
Practical Treatise on the Manufacture of Colom 
for Painting! 

Contuuin^ the b<!st Fonnnlie and the Prncesaes the Nen-est ■ 
inaal Grncral I'ee. By U M. Siffai-lt, Vebusalt), nod TotsSAINT. 
Reiisal and Eililed bT U. F. IIalbpeyre und l)r. EiuU.'Winceler. 
Tnnalainl from (hp "French by A. A. FssQrET, Chemist aail Kngi- 
iiRT. Illustrated by Engrurlngs. In uue vulume, <i50 pages, 8va^ 

ROBINSON. —Explosions of Steam Boilers: 
How Ibey are Cbuw-I, and In.w llit-j- muy he Prev-untal. By 



BOFBR.— A Catechism of High Pressure or Non< 

Condensing Steam-Engines 

Including the Modelling, Ci)UGtructiug, Running, and Mnnagemeiit 

■if SlK^m Engines and Steam Boilers. With Illustrations. B^ 

SrsPHRK RoPKB, Engineer. Full bound tucks . . . 93.09 

BOSEIiEUB. — Galvanoplastio Hanipulations 
A Practical Guide for the Gold and Silver ElectTo-plater and thi 
Qalvanuplastio Ojteratot. Trauslated from the French of Al-FBEff 
BoGELBDR, Chemist, Professor of the Galranoplaslio Art, Manuftctlb 
rer of Chemicals, Gold and SilTer Electru-plaier. By A. A. FesqukTi 
Chemist and Engineer. lUaatrated by over 127 Engravings on wooti 
Svo., 495 pages. "" 



pHbluhtd 1] 



SCHINZ.— Researches on the Action of the 
Pumace, 

By CHABI-ia ScniNZ. Translated from the (ierman with the sHci 
penniaahm of the Author by William U. Maw and MORITE Ml'. 
LRR. With an Ap|>endi][ written bv the Author expressly for thi 
edition. Ulustraled by seven plate?," con tiiinini! 2S flgiir '" " 
roltime, ISino. 
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SHAW.— Civil Architecture : 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
Bv Thomas W. Silloway and George M. Harding, Architects. 
. The whole illustrated by One Hundred and Two quarto plates finely 
engraved on copper. Eleventh Edition. 4to., cloth. . $10.00 

SHUNK.— A Practical Treatise on Railway Curves 
and Location, for Young Engineers. 

By WiLUAM F. Shtjnk, Civil Engineer. 12mo. . . $2.00 

SLOAN.— American Houses: 

A variety of Original Designs for Rural Buildings. Illustrated by 26 
colored Engravings, with Descriptive References. By Samuel. Sloan, 
Architect, author of the " Model Architect," etc., etc. 8vo. $2.50 

SMEATON.— Builder's Pocket Companion: 

Containing the Elements of Building, Surveying, and Architecture ; 
with Practical Rules and Instructions connected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. In one volume, 12mo. $1.50 

SMITH.— A Manual of Political Economy. 

By E. Peshine Smith. A new Edition, to which is added a full 
Index. 12mo., cloth $1.25 

SMITH.— Parks and Pleasure Grounds : 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. B^ Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. 12mo. $2.25 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woollen Goods: containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding ; and 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. 12mo., cloth. . . . $3.00 

SMITH.— The Practical Dyer's Guide: 

Comprising Practical Instructions in the Dveing of Shot Cobourgs, 
Silk Striped Orleans, Colored Orleans from black Warps. Ditto from 
White Warps, Colored Cobourgs from White Warps, Merinos, Yarns, 
Woollen Cloths, etc. Containing nearly 300 Receipts, to most of which 
a Dyed Pattern is annexed. Also, A Treatise on the Art of Padding. 
By David Smith. In one volume, 8vo. Price. . . $25.00 

STEWABT.— The American System. 

Speeches on the Tariff Question, and on Internal Improvements, princi- 

Sallv delivered in the House of Representatives of the United States. 
iy Andrew Stewart, late M. C. from Pennsylvania. With a Portrait, 
and a Biographical Sketch. In one volume, 8vo., 407 pages. $3.00 
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STOKES .—Cabinet- maker's and Upholsterer's Com' 
pauion : 

Comprising the Budimcnts and Principles of Cabin et-nmkiiig oiidUif. 
holskrj, with Fiuniliar Inatructioiis, illu^tnited by Examples mt 
KtUuuiug a Proflciencf in the Ait of Dratrin^, as applicable to Cl^- 
net-(rork ; the I^oeoBsea of Veniwriiig, Inioviag, and Buhl-nark; tht 
Art of Uyeing and Stoining Wood, Bone, Tortoise SheU, etc. Dirao- 
lions for Lnckeriug, Japanning, and Vamighing; to make French 
Polish; to prepare the Beat Gluea, Coments, and Compositions, and ft 
nuaiber of Receipts partieularly nseinl for workmen generaJlj-. By 
J. Stokes, In one volume, ISmo. With IlluatrationH. . $1.2S 

Strength and other Properties of Metals: 

Beports of Experiments on the Strength and other Properties of Metal* 
Ibr Cniiaou. With a Descrintion of the Machines for testing Metula, 
and of the ClaaslGcition of Cannon in service. Bv Officers of Iho Ord- 
nanco Department V. S. Xnaj, Bj-autliority of llieSeoretary of Wor. 
Illustrated by 35 large steel plat«a. lu one volume, 4t(i. . §10.00 

SULLIVAIf.— Protection to Ifative Industry. 

By Sir Edward Sullivan, Baronet, author of "Ten Chapters on 
Social ncforms." In one volame, 8vo SLM 



Tables Showing the Weight of Bound, Square, and 
Plat Bar Iron, Steel, etc., 

By Measuremvut Cloth G3 

TATLOB.— Statistics of Coal : 

Includiug Mineral Bituminous Substances employed in Arts and 
Manufacluies ; with their Geographical, Oeologioal, and Commercial 
Distribution and Amount of Production and Conanmption on thft 
American Continent. With Incidental Statistics of the Iron Manu- 
iacture. By R. C. Taylor. Second edition, revised by S, S. Bal- 
DBMAM. Illustrated by five Mapa and many wood engravings. 8to., 
uloth $10.00 

TEMPIiETOH".— The Practical Examinator on Steam 
and the Steam-Engine : 

With Instructive References relative thereto, arraniwi for the Use of 
Eniiinetrs, Studeulu, and otliers. By Wsi. Temi'leton, Engineer, 
limo $1.26 

THOMAS.— The Modern Practice of Photography. 

Hy K. W. TllOMAK, F. C. S. 8vo., cloDi 75 

THOMSON,— Freight Charges Calculator. 

Bj- Andrew TllOM.WN, Freight Agent, 2Jmo. . . . $1.25 

TUBNINGt Specimens of Fancy Turning Executed 
on the Hand or Foot Lathe: 

With Gcametrie, Oviil. and Eui-entrlc f.'buuks, and Elliptical Cutting 
Frame. By un Amnl/^ur. Illustrated by 30 exquisite Photographs 
•ItD $3J)0 ' 
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Turner's (The) Companion: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn- 
ing : also various Plates of Chucks, Tools, and Instruments ; and Di- 
rections for using tlie Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them. A 
new edition in one volume, 12mo. $1.60 

UBBIN.— BRXJLL — A Practical Guide for PuddUng 
Iron and Steel. 

By Ed. Urbin, Engineer of Arts and Manufactures. A Prize Essay 
read before the Association of Engineers, Graduate of the School of , 
Mines, of Liege, Belgium, at the Meeting of 1 865-6. To which is added 
A Comparison of the Resisting Properties of Iron and Steel. 
By A. Brull. Translated from the French by A. A. Fesquet, Che- 
mist and Engineer. In one volume, 8vo $1.00 

VAILB.— Galvanized Iron Cornice- Worker's Manual.' 

Containing Instructions in Laying out the Different Mitres, and Ma- 
king Patterns for all kinds of Plain and Circular Work. Also, Tables 
of Weights, Areas and Circumferences of Circles, and other Mattct- 
calculated to Benefit the Trade. By Charles A. Vaile, Superin- 
tendent " Bichmond Cornice Worksj" Kichmond, Indiana. Illustra- 
ted by 21 Plates. In one volume, 4to I?6.00 

VILLB.— The School of Chemical Manures : 

Or, Elementary Principles in the Use of Fertilizing Agents. From the 
French of M. George Ville, by A. A. Fesquet, Chemist and Engi' 
neer. With Illustrations. In one volume, 12 mo. . . $1.25 

VOGDES.— The Architect's and Builder's Pocket Com- 
panion and Price Book: 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of U. S. Measuren, 
Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, and various 
other Materials, Quantities of Materials in Given Sizes, and Dimen- 
sions of Wood, Brick, and Stone; and a full and complete Bill of 
Prices for Carjjcnter's Work ; also. Rules lor Computing and Valuing 
Brick and Brick Work, Stone Work, Painting. Plastering, etc. By 
Frank W. Vogdes, Architect. Illustrated, h uU bound in pocket- 
book form. $2.00 

Bound in cloth 1.50 

WABN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also. Practical and Sim]>le 
Rules for describing the various Patterns required in the different 
branches of the above Trades. By Reuben II. Warn, Practical Tin- 
plate Worker. To which is added an Appendix, containing Instruc- 
tions for Boiler Making, Mensuration of Surfaces and Solids, Rules for 
Calculating the Weights of different Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by 32 Plates and 37 
Wood Engravings. 8vo. $3.00 
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WARNER.— New Thoorems, Tables, and Diagrams 
for the Computation of Earth- Work : 

DomI^ikmI for tiic UM4> of Kn^iiu'crH ill Prcliiiiiiiury iiikI Final EHtimates, 
of Studi'iits ill Kii;;iii(*iTiii<;, and of ( -oiitnu'torH and otlicr iioii-profefl- 
Hioiiiii Coiiipiitcrs. Ill Two PurtH, with iiii A])}»(MHlix. Part I. — A 
J'nu'tiral Tn'sitis*-: Pjirt II. — A Tlin»n*tiral TrtMitiw; untl the Ap])eii- 
<lix. Coiitaiiiiii;; Notes to tiic KuIch iiikI Kxaiiiplcs of Part I.; Kxpla- 
iiatioiiN of tilt! <'oiistrii(*tioii of Sralcs, Tabl(>s, and Diu^rninM. und a 
Tr('atist> ti})OM K4|iiivai4'nt Square HiuM'sand Iviiiivaliiiit Ix;vid ilei^htH. 
Tiie wlioie illustrated l>y numerous original ViUj^ravin^s, comprising 
Kxt)laiiatory Cuts for I J(>fiiiitions and IVohicms, Stereometric Sealett 
and Diai^rams, and a S<'ries of Litlio^rai)lii(; Drawinj^s from M(m1c1r. 
siiowin^ all the (*oiiihinations of Solid horms which (MTuriii Iljiilroad 
Kxeavations and Kmhankmerts. l\y John Waunek, A. M., Mininfi^ 
and Meehanieal Kn<;ineer. 8vo $5.(X) 

WATSON.— A Manual of the Hand-Lathe : 

romprisiiii; ('on(;iH(> Directions for working MeUils of all kindn, Ivory, 
Kone and i*recious Woods; Dyeiiij^, (\dorin;x, an<l French Poiishini;; 
Inlayiii;^ hy VeiietTs, and various methods iinu^tis(Ml to pnuiucc KlalM>- 
rat4» work with l)isi»atch, and at Small Fxpense. Hy Fi(}BKliT P. 
Watson, lati' i»f "Tlie Scieiititic American," Author of" The, Modern 
Praetici! of American Machinists and Kn^incers." Illustrated hy 78 
Kn^'ravinj^'s $1.5() 

WATSON.— The Modern Practice of American Ma- 
chinists and Engineers: 

Including; this <'onstniction, Aj)plication, and Fse of Drills, Lathe 
Tools, <'uttcrs for IJorin;^ Cyliiidcrs, and Hollow Work (icnerally, 
with the most I'/<'onoinicaI Speed fur iIm; same ; the R(>sults verified \]y 
Ae.dial Practice at tln^ Latiie, tiic Vice, and on the Fl(»or. Toji^ether 
with Workshop Manatjemenl, Kcoriomy of Manufacture, tin; St(Mim- 
Kn;?inc, IJoilers, dears, licilirii,', <'tc., <tc. Hy K(;»KIIT P. Watson, 
hiU* of the " Scieiitilic American." Ilhistrat4'«'l hy Hii Kn^ravinjjs. In 
one v(dunie, PJiiio $2.50 

W^ATSON.— The Theory and Practice of the Art of 
Weaving by Hand and Power : 

With (.!aI(Uilations and Tahles for the use of those connected with the 
Trade. IJv .loFiN Watson, Manufacturer and Practical Miudiine 
Mak(;r. Illustrated hy lar^e Drawings of the Inist Power l^mnis. 
Hvo $10.()0 

WE ATHERLY.- -Treatise on the Art of Boiling Su- 
gar, Crystallizing, Lozenge-making, Comflts, Gum 
Goods. 

12mo $2.00 

WEDDING— The Metallurgy of Iron ; 
Theoretically and Praotioallr ConHidercd. By Dr. Hermann Wkd- 
mna. Prnfo-np ^ ^f iron at the Iloyal Mining 

T Du Mont, Bethlehem, Pa. 
and three Plates. In cue 



HENRY CAREY BAIRD»S CATALOGUE. 23 

WILL.— Tables for Qualitative Chemical Analysis. 

By Professor Heinrich Will, of Giessen, Germany. Seventh edi- 
tion. Translated by Charles F. Himes, Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. . . . $1.50 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation, and Explosions. 
By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. $3.50 

WOHLER.— A Hand-Book of Mineral Analysis. 

By F. Wohler, Professor of Chemistry in the University of Gottin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Rensselaer Polytechnic Institute, Troy, New York. Illustrated. In 
one volume, 12mo $3 00 

WOHSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869. By S. W. 
W0RSSAM,^Jr. Illustrated by 18 large plates. 8vo. . . $0.00 
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